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INCOME: tlarch

William Evans, President, opened the meeting and introduced Dr.
Fred Taylor, Chancellor of the University of Arkansas at Monticello,
who welcomed the Academy to the campus.

2.

Walter Godwin, Secretary, presented the minutes of the Sixty-Eighth
Annual Meeting and asked for any corrections to be presented in writing
before the Second Business Meeting.

«

Art Johnson, Treasurer, presented the Financial Report. An Audit
Committee consisting of Raj Kilambi (Chairman), Dan England, and
Alex Nisbet will examine the report. A copy of the report follows.

Statement
fc

Approved by Audit

Co. ,

a.

$ 5,344.71

!-

»

Certificates

of

Acct. No. 0005-107-2
Acct. No. 0005-107-9
Total

Funds,

(8)

(19)

4.

PROCEEDINGS, Subscriptions,

5.

PROCEEDINGS,

6.

BIOTA Receipts

7.

Interest:

Page

2,615.00

$ 2,615.00

Total Memberships

950.00
Misc.

1,173.77

Sales

Charges

1,760.00
12.00

First State Bank and Trust Co.

a.

T6TAL Account

b.

Certificates

$

of

Depo5it

210.33
266.06

$

476.39

476.39

Endowment

200.00

TOTAL INCOME

$ 7,914.88

EXPENSES:

b.
c.

$ 7,155.45

1984

12,

March

PROCEEDINGS:

a.

603.58
1,207.16

1984

to

March

12,

1985

Publication and Distribution

Phillips Litho Company,
Rick McDaniel (#152)
Mary Ann McDaniel (#153)

V.

Inc.

(#158)

$ 5,326.91
'
117 53

.

500.00
$ 5,944.44

Total

$

5.944.44

Awards

*

a. Best Sports (#151)
b. Deborah Renay Fiser

SUMMARY
(March 12,

Balance Approved by
Total Income

1984

Audit on

Balance

to March 12, 1985)

April 6, 1984

d.

$ 7,155.45

$

909.73

March 12, 1985

3.

$ 8,065.18

Certificates
First

38.32
35.00
30.00
200.00

$

303.32

Secretary

's

303.32

Office

Total

19.57
20.00

$

39.57

$

125.00
15.97

$

140.97

$

99.60
317.35
317.35

$

416.95

39.57

Office

a. Walter Godwin (ffl60)
b. David Chittenden (#161)

DISTRIBUTION OF ACCOUNTS

TOTAL Account

Treasurer's

$

a. Coleman's Office Supply (#157,163)
$
b. Hendrix College Biology Dept. (#159)

909.73

4.

v

(#155)
(#156)
Jon Anthony Davenport
Arkansas Junior Academy of Science
(#166)
L.
Hoover
Norman
Total

7,005.15

(Page 3)
for the Year

Funds on Hand

c.

$ 7,914.88

(Page 2)

Total Expenses

'

(15)
(7)

Institutional Dues

1.

Deposit

April 6,

727.72

$ 1,750.00
225.00
400.00
200.00
40.00

Regular (175)

3.

8.

S

Conway, AR:

TOTAL Account

¦«

1985

April 5-6, 1984

Total Interest

March 12, 1985
April 6, 1984

First State Bank and Trust

UAF

Individual Memberships

ANNUAL FINANCIAL STATEMENT

I

to March 12,

1984

b. Sustaining
c. Sponsoring
d. Life (1)
e. Associate

Bob Wiley, Local Arrangements Chairman, summarized meeting
the banquet, Sigma Xi breakfast, and group picture
the Second Business Meeting.

4

12,

5-6 APRIL 1985

1. Annual Meeting:

events, especially
to be made after

I

—

MINUTES OF THE SIXTY-NINTH ANNUAL MEETING
FIRST BUSINESS MEETING

Henry Robison
Historian

Arthur Johnson
Treasurer

Secretary

$ 4,988.38

of

State

Total
Deposit

Bank and Trust

Security Savings

Co.
Acct. No. 71-0361781
and Loan Association of Conway
Acct. Mo. 48490.7

2,052.89
1,023.91

$ 8,065.

18

5.

140.97

Newsletter

a.
b;

UALR Biology Department
Copy Cat (#164,169)

(#165,170)

Total
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Paulisson

89.90

6.

BIOTA Printing (#162)

7.

National Association
Science
(#154, 168)

8.

LyellThompson (#171) Dues Overpaid

10.00

9.

Bad Check

10.00

Leo

of Academies

of

50.00

$ 7005.15

TOTAL EXPENSES

Respectfully
jllySubmitted

.

Arthur A.

Meeting: April 5-6, 1985
University of Arkansas at Monticello

Johnson,
Johnson.

*>
-,

_-

Treasurer
Treasurer

Monticello, Arkansas

Rick McDaniel, Editor of the Proceedings, presented a report on this
year's edition indicating that about 30 articles were submitted most of
which will be published. The size willbe down some. Due to delays,
the Proceedings willnot be available until June. He requested that section chairmen be sure to collect papers at the sessions.
John Rickett, Editor of the Newsletter, requested that any comments
on the Newsletter be given to him. He reported that the Executive Committee had voted to continue the membership drive using the fall
newsletter.
Robin Anderson, Chairman of the Science Education Committee,
pointed out the need for a continuing Science Education Committee
and the need for the Academy to support and encourage activity. A
resolution willbe presented at the Second Business Meeting.

Mike Rapp, Director of the Arkansas Science Fair Association,

reported on the Science Fair and the Junior Academy. Seven Regional
Fairs have been held and the State Fair and Junior Academy meeting
willbe held in Conway on April 11 &12. About 170 for the Science
Fair and 75 for the Junior Academy are expected. Dr. Norm Hoover
is Director of the Junior Academy. Continued support from the
Academy willbe requested at the Second Business Meeting.
John Peck, Director of the Arkansas Science Talent Search, reported
that the program is going well and that cash awards have been given
to first and second place winners.
Art Fry, Chairman of the Constitution Committee, reported on
recommended changes to the constitution. The proposed changes were
distributed and will be acted on at the Second Business Meeting.

Art Johnson, Treasurer, moved that the Treasurer's Report be approved. The motion was seconded. Raj Kilambi presented the following report from the Audit Committee.

I

The Audit Committee examined the attached 1984-85 Annual Financial Record of the Academy and checked them
with the detailed accounts submitted to us. In our opinion, all receipts and expenditures are adequately accounted
for and the books are in balance.
It was moved and seconded to accept the report of the Audit Committee. The motion passed. The initial motion concerning acceptance of
the Treasurer's Report passed.
Rick McDaniel, Editor of the Proceedings, stated that the Sixty-Eighth
Proceedings willbe ready for distribution in June. In so far as possible, copies willbe mailed in packets to various institutions. Itnow appears that a good number of papers willbe included in next year's Proceedings. McDaniel presented the following motion.
Mr. President and members of the Arkansas Academy
of Science, Imove that the Academy allocate $500.00 for
editorial assistance and $120.00 for travel by the Editor
during the next year. This is the same amount authorized
last year.
The motion was seconded and passed.

r

John Rickett, Editor of the Newsletter, moved that $475 be allocated
for the Newsletter for next year. The motion was seconded and passed.
Henry Robison, Historian, reported that this is the Sixty-Ninth Annual Meeting and the third to be held in Monticello. Itis the first meeting
here since 1942. He noted the passing of Dr. Dwight Moore, founder
of the modern Academy, and stated that he had recorded comments
by Dr. Moore prior to his death. He also stated that he needs any old
pictures of past activities, officers, and so forth.

»

•

Art Fry, Chairman of the Constitution Committee, moved the adoption of the proposed changes in the Constitution as distributed at the
First Business Meeting. The report is as follows:
The Constitution Committee of the Arkansas Academy
of Science, Peggy Dorris, Clark McCarty, and Art Fry
(Chairman), recommends the following changes to the
By-Laws of AAS:
¦*

Leo Paulissen, Chairman of the Committee on Endowments, reported
on the endowment fund. Pel Frez has donated $200. The Fayetteville
Sigma Xi Chapter has donated $100. Individual contributions have
brought the total to $400. A total of $500 is needed for a CD. Interest
willbe used to support activities. He also reported on the Biota Survey.
Two new checklists are available including one on spiders.

A. Change Article 6. which now reads:
6.

*•

Expenditures exceeding $50 require an order
signed by the President before payment can

be made.
To read:

The Undergraduate Awards Committee for the current meeting will
be Jim Huey (Chairman), Joe Guenter, and Bill Nicholson.
The Resolutions Committee will consist ofEd Wilson (Chairman),
George Harp, and Dale Ferguson.

6. Expenditures in excess of $200 which have not
been specifically authorized by the Academy at
a prior annual business meeting require written approval by the President before payment
can be made.

President Evans adjourned the First Business Meeting.
B. Add a new Article 15:
SECOND BUSINESS MEETING
William Evans, President, called the meeting to order.
Walter Godwin, Secretary, moved the approval of the minutes of
the Sixty-Eighth Annual Meeting as distributed. The motion was
seconded and passed.

2

15. The Arkansas Academy of Science is the parent
organization of the Arkansas Junior Academy
of Science. The appointment the Director of
the Arkansas Junior Academy of Science is
made by the President of the Arkansas Academy of Science for a period of three years.
The Director will operate with the advice of
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-*

a Board of Regional Directors appointed by
the President of the Arkansas Academy of
Science. The Regional Directors serve at the
the pleasure of the President.

-

-

Terry Gilton UALR Thermosetting Adhesive Resins
from Whey and Whey Byproducts

The Executive Committee has voted to award $50 to each winner on
a continuing basis.

C. Change Article 4. which now reads:
4.
?

•

Persons presenting papers with the intent of
having them published in the Proceedings
shall present a final copy of the paper to the
Chairman of the appropriate section on the
day of presentation. The Editorial Board shall
be under no obligation to consider papers submitted after this date.

Leo Paulissen, Chairman of the Committee on Endowments, repeated
information on the endowment fund from the first business meeting.
He added that individual donations had raised the total to over $400.
He mentioned that donations may be made in the form of memorials.
In regard to the Biota Survey, he reemphasized the availability of two
new checklists including one on spiders.
Edmond Wilson, Chairman of the Resolutions Committee, moved
the adoption of the following resolution.

To read:
Ik- it resolved:

4.

-

Persons presenting papers with the intent of
having them published in the Proceedings
shall present an original and one copy of the
paper to the Chairman of the appropriate
section on the day of presentation. The
Editorial Board shall be under no obligation
to consider papers submitted after this date.

«*

*
»

E. E. Hudson, Chairman of the Nominating Committee, presented
the nominees for Vice President. The nominees were Gary Tucker,
Arkansas Tech University, and George Harp, Arkansas State University. Ballots were distributed. A count of the ballots indicated that Gary
Tucker had been elected as Vice President.
Walter Godwin on behalf of Mike Rapp, Director of the Arkansas
Science Fair Association, moved that the Academy again appropriate
$)00 for the support of the Science Fair. The motion was seconded anJ

•

passed.

Walter Godwin on behalf of Norm Hoover, Director of the Junior
Academy, moved that the Academy again appropriate $200 for support of the Junior Academy. The motion was seconded and passed.
Dr. Tom Palko, Director of the Arkansas Junior Science and
Humanities Symposium, reported that the symposium was held in
Russellville this year with 99 papers being submitted with 19 of those
being presented and six winners going on to National.
Robin Anderson, Chairman of the Science Education Committee,
presented a resolution as follows:

w

*

The next several years willbe very active ones for science
education in Arkansas. This may involve numerous activities at college level for the Arkansas Academy of
Science and its members, plus new opportunities for
cooperation with other professional organizations and
educational and community agencies.
To assist the President and Executive Committee in
meeting these needs, we recommend that the Science
Education Committee be appointed on a continuing basis.
The resolution was adopted.
Jim Huey, Chairman of the Undergraduate Awards Committee, commended the students for a job well done at the current meeting. He
reported that the Undergraduate Awards had been won by:

Ross UALR Demonstration

Mark S.
of a Heat-Stable
Guanosine Monophosphate (Cyclic GMP) Phosphodiesterase from the Medium of the Myxomycete
Physarum flavicomum

The members of the Arkansas Academy of Science
express their gratitude to the University of Arkansas at
Monticello for hosting the 1985 meeting of the Arkansas
Academy of Science. In particular, thanks is given to
Edmond Bacon, Chairman of the Department of Natural
Sciences and to members of the local arrangements committee: Robert Wiley, Chairman; Eric Sundell; Jim
Edson; and Walter Godwin. Appreciation is expressed
to all concerned who helped provide the pleasant spacious
facilities and excellent banquet. Also, thanks is given to
John Firor of the National Center for Atmospheric Research for his presentation on acid rain.
The Academy appreciates the efforts of the various section chairpersons and recognizes that they play an important role in the conduct of the meeting. To be noted
are: R. Anderson and Arthur Brown (Symposium on
Cooperative Activities in Science Education), Henry
Robison (Aquatic and Environmental I), Edmond Wilson
(Chemistry), V. Rick McDaniel (Vertebrate Zoology I),
Don Culwell (Botany), Dale Ferguson (Microbiology and
Immunology), Roland McDaniel (Aquatic and Environment II), Dan England (Vertebrate Zoology II), Peggy
Dorris (Invertebrate Zoology), James Daley (Parasitology
and Biomedicine), and George Harp (Science Education).
The Academy expresses gratitude to the various directors
of the science youth activities which are supported by the
Academy: Robin Anderson and Art Brown, Science
Education Committee; Mike Rapp, Director of the
Arkansas State Science Fair; Tom Palko, Director of the
Junior Science and Humanities Symposium; John Peck
and Leo Paulissen, Science Talent Search; and Norman
Hoover, Director of the Arkansas Junior Academy of
Science.
The Academy is only as successful as its leadership in planning, working, and directing the various activities. To

William Evans, President; Gary Heidt, President-Elect;
Edmond Bacon, Vice President; Walter Godwin, Secretary; Art Johnson, Treasurer; Paul Sharrah, Past President; Rick McDaniel, Proceedings Editor; John Rickett,
Newsletter Editor; and Henry Robison, Historian; the
Academy expresses gratitude and thanks for an excellent
year.

The Academy expresses thanks and encouragement to
continue to Sargent Welch and Advanced Scientific, Inc.
for their exhibition booths at the meeting.
The Academy recognizes the dedicated and thorough
work of Arthur Fry, Chairman; Peggy Dorris; and Clark
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•

President Evans asked for any new business and none was presented.

McCarty in reviewing the Constitution and Bylaws of the
Academy. Also, appreciation is tendered to Leo Paulissen
for his work on the Endowment Fund. Jim Huey, Chairman; Joe Guenter; and BillNicholson are thanked for
their efforts on the Student Awards Committee as well
as E.E. Hudson, Dan England, and W. C. Guest for their
work on the Nominating Committee.

i

The meeting site for the 1986 meeting was announced as Ouachita
Baptist University. An invitation for the 1987 meeting has been extended
by UALR and was accepted with details to be worked out later.
The President announced that a group picture willbe made after the
business meeting and willbe retained as a part of the Academy historical
records.

The Academy is appreciative for the design and art work
on the signs, name badges, and cover of the Program to
Calvin Cotton of Monticello.

'

President Evans turned the gavel over to President-Elect Gary Heidt.
President Heidt adjourned the meeting.

Finally, the Academy expresses fond remembrance and
regret in the deaths of two ofits members, Dwight Moore
and Dave Becker.

Respectfully submitted,

u^

The motion was seconded and passed.

e. s&-c

i

Walter E. Godwin

Leo Paulissen reported for John Peck, Director of the Science Talent
Search. Two winners have been identified and one has received national

Secretary

recognition.
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PROGRAM
Arkansas Academy of Science
Sixty-ninth Annual Meeting

UNIVERSITY OF ARKANSAS
AT MONTICELLO
Monticello,

Arkansas

meeting concurrently with sessions of:
The Collegiate Academy of Science

Friday, 5 April

SENIOR AND COLLEGIATE ACADEMIES

Saturday, 6 April

-- Registration

SENIOR ACADEMY -- Executive Board Meeting

SENIOR AND COLLEGIATE ACADEMIES -- Registration
SENIOR AND COLLEGIATE ACADEMIES

SENIOR ACADEMY -- First General Business Meeting

- Papers

[Concurrent
Sessions]:

Aquatic &Environmental II
Lunch

SENIOR

-AND COLLEGIATE ACADEMIES Registration

SYMPOSIUM ON COOPERATIVE ACTIVITIES INSCIENCE
EDUCATION
SENIOR

-AND COLLEGIATE ACADEMIES Paper

[Concurrent
Sessions]:

Vertebrate Zoology II
Invertebrate Zoology
Parasitology &Biomedicine
Science Education
ARKANSAS SCIENCE TALENT SEARCH
SENIOR ACADEMY

-- Second

General Business Meeting

Aquatic &Environmental I
Chemistry

Vertebrate Zoology I
Botany
Microbiology and Immunology

SENIOR AND COLLEGIATE ACADEMIES
POST BANQUET SPEAKER

-

Dr. John Firor, National Center
for Atmospheric Research,
Boulder, CO
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SECTION PROGRAMS
<

[Papers marked with

*

are presentations by Collegiate Academy members]

AQUATIC AND ENVIRONMENTAL I
Session Chairperson: Dr. Henry Robison (SAU)

GRAPHITE ELECTRODE FOR THE MEASUREMENT OF REDOX
POTENTIAL AND OXYGEN DIFFUSION RATE IN SOIL:
APPLICATION TO MONITOR BIODEGRADATION OF HAZARDOUS WASTES.
AliU. Shaikh, Department of Chemistry, University of Arkansas
at Little Rock, Little Rock, AR 72204; R. M. Hawk and R. B.
Sims, Graduate Institute of Technology, Little Rock, AR 72203;
and H. D. Scott, Department of Agronomy, University of Arkansas, Fayetteville, AR 72701.
WATERSHED LANDUSES AND PHOSPHORUS EXPORT COEFFICIENT RELATIONSHIPS: A PLANNING TOOL FOR
LAKERESOURCES MANAGEMENT.
Carl R. Stapleton, Department of Biology, University of Arkansas at Little Rock, Little Rock, AR 72204.
A PRELIMINARY REPORT ON THE SURVEY OF ARKANSAS
ELMIDAE (Coleoptera).
Alan D. Price, Department of Pollution Control and Ecology, Little
Rock, AR 72209 and George L. Harp, Department of Biological
Sciences, Arkansas State University, State University, AR 72467.
THE EFFECTS OF TEMPERATURE AND CROWDING ON THE
PATHOGENICITY OF Edwardsiella ictaluh IN CHANNEL
CATFISH Ictalurus punctatus.
Sharon L. Johnson and Lawrence W. Hinck, Department of
Biological Sciences, Arkansas State University, State University,
AR 72467.
COMPOSITION AND DIVERSITY OF ICHTHYOFAUNA OF THE
BUFFALO NATIONAL RIVER.
Raj V. Kilambi, Department of Zoology, University of Arkansas,
Fayetteville, AR 72701

.

A SYNOPSIS OF THE HYDROMETRIDAE OF ARKANSAS.
George L.Harp, Department of Biological Sciences, Arkansas State
University, State University, AR 72467.
HETEROGENEITY AMONG THE SPAWNING POPULATIONS
OF SURF SMELT, Hypomesus pretiosus, IN THE STATE OF
WASHINGTON.
Raj V. Kilambi, Department of Zoology, University of Arkansas,
Fayetteville, AR 72701.
FURTHER DISTRIBUTIONAL RECORDS FOR ARKANSAS
ANISOPTERA.
George L. Harp, Department of Biological Sciences, Arkansas State
University, State University, AR 72467 and John Rickett, Department of Biology, University of Arkansas at Little Rock, Little Rock,
AR 72204.
AN ANNOTATED LIST OF THE DYTISCIDAE OF RANDOLPH

COUNTY, ARKANSAS.
Mark A. Pippenger and George L. Harp, Department of Biological
Sciences, Arkansas State University, State University, AR 72467.

RESPONSE OF FISHES TO REVETMENT PLACEMENT.
C H. Pennington, Scott S. Knight, and M.P. Farrell, U.S. Army
Engineer Waterways Experiment Station, Vicksburg, MS 39180.
A SYNOPSIS OF THE NEPIDAE OF ARKANSAS
George L. Harp, Department of Biological Sciences, Arkansas State
University, State University, AR 72467.

PROJECT 205 (J): A DESCRIPTIVE ANALYSIS OF LEAST
DISTURBED STREAMS WITHIN ARKANSAS.
Roland McDaniel, Department of Pollution Control and Ecology,
Little Rock, AR 72209.

CHEMISTRY
Session Chairperson: Dr. Ed Wilson (HU)
ANALYSIS OF SOLAR COLLECTOR SURFACE THERMAL
TRANSFER WITH DATA COLLECTION BY INTEGRATED
CIRCUIT SENSORS AND MICROCOMPUTER INTERFACING.
Rudolph J. Eichenberger, Department of Physics and Engineering, Southern Arkansas University, Magnolia, AR 71753.
INFRARED AND X-RAY DIFFRACTION STUDIES OF ADSORBED GLYPHOSATE BY CLAY MINERALS.
J. S. McConnell, Southeast Research and Extension Center, Monticello, AR 71655 and L. R. Hossner, Texas A&MUniversity, College Station, TX 77840.
?WATER-SURFACE COLLISION DYNAMICS.
Ricardo C. Davis and Ralph J. Wolf, Department of Chemistry,
University of Arkansas at Little Rock, Little Rock, AR 72204.
REACTIONS OF HALOCARBON TOXINS WITH SUPEROXIDE
RADICAL ANION IN APROTIC SOLVENT.
AliU. Shaikh, Department of Chemistry, University of Arkansas
at Little Rock, Little Rock, AR72204 and Anthony R. Shoaf and
Raymond D. Harbison, University of Arkansas for Medical
Sciences, Little Rock, AR 72205.
THE MECHANISMS OF ACTION OF THE MAMMALIAN
TOXIN ISOLATED FROM Loxosceles reclusa VENOM.
M.A. Rekow, J. N. Beasley, J. L. Jones, and C. R. Geren, Department of Chemistry, Department of Animal Science, and Student
Health Center, University of Arkansas, Fayetteville, AR 72701.
THE SYSTEMIC E TOXINOF Crotalus horhdus horridus VENOM:
STRUCTURE AND MECHANISM OF ACTION.
H. R. Allen, R. K. Tucker, and C. R. Geren, Department of
Chemistry, University of Arkansas, Fayetteville, AR 72701

.

CONCANAVALINA-BINDINGENZYMES OF Crotalus scutulatus
scutulatus VENOM.
M. W. Hinson, C. K. Childs, D. H. Sifford, and B. D. Johnson,
College of Arts and Sciences, Arkansas State University, Slate
University, AR 72467.
DOES THE MECHANISM OF PROTON TRANSFER INTHE COPE
ELIMINATIONREACTION CHANGE FROM LINEARTO NONLINEAR AS THE SOLVENT CHANCES FROM DMSO TO
DIGLYME? A CARBON-14 ISOTOPE EFFECT STUDY.
Agnes Pulay, Daniel Wright, and Arthur Fry, Department of
Chemistry, University of Arkansas, Fayetteville, AR 72701.
THERMAL ANALYSISOF COAL COMBUSTION ASH DEPOSITS.
Luis Morales and J. Edward Bennett, Department of Chemistry,
Arkansas State University, State University, AR 72467.
VAPORIZATION KINETICS AND THERMODYNAMICS OF
MIXTURES OF POTASSIUM AND SODIUM SULFATE WITH
GRAPHITE.
Jamie Dudley and J. Edward Bennett, Department of Chemistry,
Arkansas State University, State University, AR 72467.
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THERMOSETTING ADHESIVE RESINS FROM WHEY AND
WHEY BYPRODUCTS.
Tito Viswnanthan and Terry Gilton, Department of Chemistry,
University of Arkansas at Little Rock, Little Rock, AR 72204.

USE OF FUR HARVEST RECORDS INARKANSAS TO PREDICT
FUTURE GRAY FOX HARVESTS.
Gary A. Heidt and James H. Peck, Department of Biology, University of Arkansas at Little Rock, Little Rock, AR 72204.

POLYMER SUPPORTED ALCOHOLS AS BLOCKING GROUPS
FOR DIACIDS.
Paul M. Nave and James W. Farris, Department of Chemistry,
Arkansas State University, State University, AR 72467.

LONGEVITY RECORD OF REINTRODUCED BLACK BEAR
(Ursus americanus) IN ARKANSAS.
Joseph D. Clark, Arkansas Game and Fish Commission, Little
Rock, AR 72205.

VERTEBRATE ZOOLOGY I
Session Chairperson: Dr. V. Rick McDaniel (ASU)

RANGE EXPANSION OF THE PORCUPINE (Erethizon dorsatum)
INTO SOUTHWEST ARKANSAS.
Joseph D. Clark, Arkansas Game and Fish Commission, Little
Rock, AR 72205.

REPAIR OF RADIATION-INDUCED LETHALDAMAGEINA HAMSTER
X Xenopus HYBRID CELL LINE.
Susan Kulp, Ann Page, and Gaston Griggs, Biology Department,
John Brown University, Siloam Springs, AR 72761.
CORTICORTICAL PROJECTIONS OF A VISUALLYRESPONSIVE AREA INTHE CAT BRAIN.
Joseph McGrath, Department of Biological Sciences, Arkansas
State University, State University, AR 72467.
GENETIC VARIATIONINTWO ABANDONED MINEPOPULATIONS OF THE CADDO MOUNTAIN SALAMANDER(Plethodon
caddoensis) IN ARKANSAS.
Alvan A. Karlan, Darrell R. Heath, and Derrick Sugg, Department of Biology, University of Arkansas at Little Rock, Little Rock,
AR72204 and David A. Saugey, United States Forest Service, Hot
Springs, AR 71901.
FALL DEER FOOD PREFERENCES IN THE OUACHITA
NATIONALFOREST.
James D. Fenwood, United States Forest Service, Mount Ida, AR
71957, David A. Saugey, United States Forest Service, Hot Springs
AR 71901 and Carl A. Racchini, United States Forest Service, Glenwood, AR 71943.
?GENETIC VARIATION INTHE ARKANSAS DEER HERD.
Derrick Sugg, Alvan A. Karlin and Gary A. Heidt, Department
of Biology, University of Arkansas at Little Rock, Little Rock,
AR 72204.
FUR HARVEST RECORDS FROM ARKANSAS POST, LOUISIANA TERRITORY, 1805-1810.
Paul J. Polechla, Jr., Department of Zoology, University of Arkansas, Fayetteville, AR 72701.
'ANALYSIS OF ARKANSAS FUR HARVEST RECORDS
1942-1984: I.STATE AND REGIONAL ACCOUNTS.
Tina Sheldon, James Peck, and Gary A. Heidt, Department of
Biology, University of Arkansas at Little Rock, Little Rock, AR
"72204 and Joe Clark, Arkansas Game and Fish Commission,
LUtle Rock, AR 72203.
*ANALYSIS OF ARKANSAS FUR HARVEST RECORDS
1942-1984- II. SPECIES ACCOUNTS.
Tina Sheldon and Gary A. Heidt, Department of Biology, University of Arkansas at Little Rock, Little Rock, AR 72204; Joe Clark,
Arkansas Game and Fish Commission, Little Rock, AR 72203;
and James Peck, Department of Biology, University of Arkansas
at Little Rock, Little Rock, AR 72204.
ANALYSIS OF ARKANSAS FUR HARVEST RECORDS - 1942-1984:
III.IMPORTANCE OF PELT PRICE TO TOTAL HARVEST.
Joe Clark, Arkansas Game and Fish Commission, Little Rock, AR
72203 and Tina Sheldon, James Peck, and Gary A. Heidt, Department of Biology, University of Arkansas at LittleRock, LittleRock,
AR.

8

A COMPARATIVE STUDY OF LACTATE DEHYDROGENASE IN
DIVINGAND NONDIVING REPTILES.
Deborah Bursey and Dennis Baeyens, Department of Biology,
University of Arkansas at Little Rock, Little Rock, AR 72204.
BOTANY
Session Chairperson: Dr. Don Culwell (UCA)
DWIGHT MUNSON MOORE, 1891-1985.
Gary E. Tucker, Department of Biological Sciences, Arkansas Tech
University, Russellville, AR 72801.
NEW AND INTERESTING PLANTS FOR THE ARKANSAS
FLORA.
Edward L. Richards, Department of Biological Sciences, Arkansas State University, State University, AR 72467.
LOUISIANA LOG FERN (Dryopteris ludoviciana) NEW TO
ARKANSAS.
James H. Peck, Department of Biology, University of Arkansas
at Little Rock, Little Rock, AR 72204; Eric Sundell, Department
ofNatural Sciences, University of Arkansas at Monticello, Monticello, AR 71655; and Carol J. Peck, Arkansas State Plant Board,
Little Rock, AR 72203.
SOUTHERN WOODFERN, Dryopteris Xaustratis, NEW TO
ARKANSAS.
S. L. Orzell, Arkansas Natural Heritage Commission, Little Rock,
AR 72201 and J. H. Peck, Department of Biology, University of
Arkansas at Little Rock, Little Rock, AR 72204.
OBSERVATIONS ANDNEW RECORDS ON FERNS NATURALIZING IN ARKANSAS.
James H. Peck, Department of Biology, University of Arkansas
at Little Rock, Little Rock, AR 72204; Lance Peacock, The Nature
Conservancy, Little Rock, AR 72201; and William Shepard, Arkansas Natural Heritage Commission, Little Rock, AR 72201.
NOTES ON THREE PALUSTRINE NATURAL COMMUNITY
TYPES INTHE ARKANSAS OZARKS.
S. L.Orzell and B. Pell, Arkansas Natural Heritage Commission,
Little Rock, AR 72201 and Gary Tucker, Department of Biological
Sciences, Arkansas Tech University, Russellville, AR 72801.
CHANGES IN FOREST SOILS FOLLOWING CLEARCUTTING OF
PINE FORESTS IN THE OUACHITA MOUNTAINS OF
ARKANSAS.
Harlan R. Stoin, Bajuri Bin Kadmin, and Lyell Thompson,
Agronomy Department, University of Arkansas, Fayetteville, AR
72701 .
THE EFFECTS OF GAMMA RADIATION ON Salix nigra
CUTTINGS.
Roy Z. Gehring, Department of Biological Sciences, Arkansas State
University, State University, AR 72467.
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EFFECTS OF LITTER ON AQUATIC MACROPHYTE GERMINATION AND GROWTH.
Mark F. Carter, Forest E. Lane, and James B. Grace, Botany
Department, University of Arkansas, Fayetteville, AR 72701.

"

THE EFFECTS OF GROWTH TEMPERATURES ON THE FATTY
ACID COMPOSITION OF ISOLATED CHLOROPLASTS.
Roy Z. Gehring, Department of Biological Sciences, Arkansas State
University, State University, AR 72467 and Glenn W. Todd, Oklahoma
State University, Stillwater, OK 74074.
MICROBIOLOGY AND IMMUNOLOGY
Session Chairperson: Dr. Dale Ferguson (UALR)
?DEMONSTRATION OF A HEAT-STABLE CYCLIC GUANOSINE
MONOPHOSPHATE (CYCLIC GMP) PHOSPHODIESTERASE
FROM THE MEDIUM OF THE MYXOMYCETE Physarum

flavicomum.

Mark S. Ross and Thomas .1. Lynch, Department of Biology,
University of Arkansas at Little Rock, Little Rock, AR 72204.

-

•

*

PARTIAL PURIFICATION AND CHARACTERIZATION OF
HEAT STABLE EXTRACELLULAR CYCLIC AMP PHOSPHODIESTERASE FROM THE PLASMODIUM OF Physarum

flavicomum.

J. Scott Bryles and Thomas J. Lynch, Department of Biology,
University of Arkansas at Little Rock, Little Rock, AR 72204.

•

•
f

'

-

AGE AND SEX RELATED DIFFERENCES INTHE LEVELOF A
CIRCULATING ANTIBODY AGAINST ESTROGEN RECEPTOR.
Ayad Mudarris and E. J. Peck, Jr., Department of Biochemistry,
University of Arkansas for Medical Sciences, Little Rock, AR
72205.
ANT1CANCER ACTIVITYOF COPPER COMPLEXES.
William M. Willingham, Department of Natural Sciences, University of Arkansas at Pine Bluff, Pine Bluff, AR 71601 and John
R. J. Sorenson, Department of Biopharmaceutical Sciences, College of Pharmacy, University of Arkansas for Medical Sciences,
Little Rock, AR 72205.
PYLSALICYLATE),

Hamid Salari and John R. J. Sorenson, Department of Biopharmaceutical Sciences, College of Pharmacy, University of Arkansas for Medical Sciences, Little Rock, AR 72205.

LIMENEEDS AND TRENDS IN ARKANSAS.
C. S. Snyder and S. L. Chapman, University of Arkansas,
Cooperative Extension Service, Little Rock, AR 72203.

DISTRIBUTION AND STATUS OF Etheostoma craqini GILBERT
AND E. microperca JORDAN AND GILBERT IN ARKANSAS.
John L. Harris and Kenneth L. Smith, Arkansas Natural Heritage
Commission, Little Rock, AR 72201.

•

POPULATION STRUCTURE OF Etheostoma moorei RANEY AND
SUTTKUS FROM THREE HEADWATER STREAMS OF LITTLE
RED RIVER ABOVE GREERS FERRY LAKE.
Roland McDaniel, Department ofPollution Control and Ecology,
Little Rock, AR 72209 and George L. Harp, Department of
Biological Sciences, Arkansas State University, State University,
AR 72467.
REPRODUCTIVE BIOLOGY OF Etheostoma moorei RANEY AND
SUTTKUS FROM THREE HEADWATER STREAMS OF LITTLE
RED RIVER.
Roland McDaniel, Department of Pollution Control and Ecology,
Little Rock, AR 72209 and George L. Harp, Department of
Biological Sciences, Arkansas State University, State University,
AR 72467.
COMPARISON OF THE FISH POPULATIONS AND THE
ABIOTICCHARACTERISTICS OF A CHANNELIZED AND UNCHANNELIZEDSTREAM IN THE DELTA AREAOF ARKANSAS.
William E. Keith, Department of Pollution Control and Ecology,
LittleRock, AR72209 and Ken Shirley, Arkansas Game and Fish
Commission, Brinkley, AR 72021.
TAXAAND OCCURRENCES OF FISHES WITHINTHE SPRING
RIVER SUB-BASIN (BLACK RIVER DRAINAGE) OF SOUTH
CENTRAL MISSOURI AND NORTHEAST ARKANSAS.
Stephen A. Winters, Northeast Louisiana University, Monroe, LA.
PRELIMINARY ISOZYME ANALYSIS OF FOUR SPECIES OF
ARKANSAS DARTERS.
Alvan A. Karlin and John D. Rickett, Department of Biology,
University of Arkansas at Little Rock, Little Rock, AR 72204.
VERTEBRATE ZOOLOGY II
Session Chairperson: Dr. Dan England (SAU)

RADIOPROTECTANT ACTIVITY OF CU (II) (3,5-DIISOPRO-

AQUATIC AND ENVIRONMENTAL II
Session Chairperson:
Mr. Roland McDaniel (DPC&E)

»

AGE AND GROWTH OF THE BLUEGILL, Lepomis macrochirus,
FROM ANUNMANAGEDWATERSHED LAKEIN NORTHEAST
ARKANSAS.
Stephen A. Sewell, Fish and Wildlife Division, Soil Conservation
Society of America, Nashville, TN 37203.

NEW VERTEBRATE OCCURRENCES FROM THE BROWNSTOWN MARL (GULF1AN) OF ARKANSAS, WITH NOTES ON
THE DISTRIBUTION OF GULFIAN TURTLES.
John T. Thurmond and John R. Hill, Department ofEarth Science,
University of Arkansas at Little Rock, Little Rock, AR 72204.
SURVEY OF ALBINO BIRDS IN ARKANSAS SINCE 1968.
EARL HANEBRINK,Department of Biological Sciences, Arkansas State University, State University, AR 72467.
A SEVEN-YEAR ANALYSISOF BOBWHITE FOOD HABITS IN
DREW COUNTY, ARKANSAS.
Mark R. Karnes, The Ross Foundation, Arkadelphia, AR 71923
and Robert W. Wiley, Department of Natural Sciences, University of Arkansas at Monticello, Monticello, AR 71655.

FLUCTUATIONS AND RELATIONSHIPS OF SELECTED
PHYSICO-CHEMICAL PARAMETERS INDARDANELLERESER-

ABUNDANCE ANDFOOD HABITS OF NORTHERN HARRIERS
OVERWINTERING IN HOLLA BEND NATIONAL WILDLIFE
REFUGE.
Charles R. Preston, Catherine Golden, and Patrice Turcotte,
University of Arkansas at Little Rock, Little Rock, AR 72204.

REPORT ON FISH COLLECTIONS FROM THE OUACHITA
RIVER BASIN, ARKANSAS.

POPULATION TRENDS OF THE LOGGERHEAD SHRIKE (Lanius
ludovicianus) IN ARKANSAS.
Fred L.Burnside, Department of Biological Sciences, Mississippi
State University, Mississippi State, MS 39762 and William M.
Shepherd, Arkansas Natural Heritage Commission, Little Rock,

VOIR, 1975-1982.
John D. Rickett and Robert L. Watson, Department of Biology,
University of Arkansas at Little Rock, Little Rock, AR 72204.

John A. Baker, U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS 39180.
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IDENTIFYING A PERPLEXING CHICKADEE RECORD FROM
SKELETAL MATERIAL.
James D. Rising, Department of Zoology, University of Toronto,
Toronto, Ontario M53 1Al ,Canada and Douglas James, Department of Zoology, University of Arkansas, Fayetteville, AR 72701.
COMPARISON OF THE FISH POPULATIONS AND THE
ABIOTICCHARACTERISTICS OF A CHANNELIZED AND UNCHANNELIZED STREAM INTHE DELTA AREA OF ARKANSAS.
William E. Keith, Department ofPollution Control and Ecology,
Little Rock, AR72209 and Ken Shirley, Arkansas Game and Fish
Commission, Brinkley, AR 72021.
TAXA AND OCCURRENCES OF FISHES WITHINTHE SPRING
RIVER SUB-BASIN (BLACK RIVER DRAINAGE) OF SOUTH
CENTRAL MISSOURI AND NORTHEAST ARKANSAS.
Stephen A. Winters, Northeast Louisiana University, Monroe, LA.
PRELIMINARY ISOZYME ANALYSIS OF FOUR SPECIES OF
ARKANSAS DARTERS.
Alvan A. Karlin and John D. Rickett, Department of Biology,
University of Arkansas at Little Rock, Little Rock, AR 72204.
INVERTEBRATE ZOOLOGY
Session Chairperson:
Dr. Peggy Rae Dorris (HSU)
SPIDERS OF ARKANSAS.
Peggy Rae Dorris, Department of Biology, Henderson State University, Arkadelphia, AR 71923.
A HYPOTHESIS TO EXPLAIN THE SUDDEN SPORADIC
OCCURRENCE OF Craspedacusta sowerbyi MEDUSAE.
Peter P. Brussock, Lawrence D. Willis, and Arthur V. Brown,
Department of Zoology, University of Arkansas, Fayetteville, AR
72701.
THE VISUALIZATIONOF THE CENTROMERIC REGION OF

THE EFFECT OF ESTROGEN, TESTOSTERONE AND PHENOBARBITALON UTERINE WEIGHT ANDLIVERMICROSOMAL
ENZYMES IN PREPUBERTAL MICE.
P. J. Thomford, Department of OB/GYN, University of Arkansas for Medical Sciences, Little Rock, AR 72205 and M. C. Wu,
Department of Animal Science, University of Illinois, Urbana, IL.
THE CENTRIOLAR SPECIALIZATIONS OF CNIDARIAN
SPERMATOCYTES AND SPERMATIDS.
Maurice G. Kleve, Department of Biology, University of Arkansas at Little Rock, Little Rock, AR 72204.
EFFECT OF MANGANESE (Mn++) ON HUMANPLACENTAL
AND AMNIOTICFLUID SPIN-LATTICE (T,) AND SPIN-SPIN (T2 )
RELAXATION TIMES.
P. J. Thomford and H. H. Kay, Department of OB/GYN, University of Arkansas for Medical Sciences, Little Rock, AR 72205 and
Dr. R. Mattison, Duke University, Durham, NC.
METHEMOGLOBIN AND HEMOGLOBIN CONCENTRATION
EFFECT ON METHEMOGLOBIN REDUCTION.
A. Mansouri, John L. McClellan Memorial Veterans Hospital and
University of Arkansas for Medical Sciences, Little Rock, AR
72205.

SCIENCE EDUCATION
Session Chairperson: Dr. George L. Harp (ASU)
"LABORATORY MANAGEMENT" - A COURSE FOR SCIENCE
TEACHERS.
Michael W. Rapp, Department of Chemistry, University of Central Arkansas, Conway, AR 72032.

Drosophila CHROMOSOME USING 5BRDU ANDHOECHST 33258.
William C. Guest, Department of Zoology, University of Arkansas, Fayetteville, AR 72701.

RUTHERFORD SCATTERING SIMULATOR.
H. B. Eldridge, Department of Physics, University of Central
Arkansas, Conway, AR 72032.

A COLLECTION OF EUROPEAN DRAGONFLIES AVAILABLE
FOR STUDY AT ARKANSAS STATE UNIVERSITY.
Norman Lavers, Division of English, Philosophy, and Languages,
Arkansas State University, State University, AR 72467.

SCIENCE FAIRS IN ARKANSAS.
Michael W. Rapp, Department of Chemistry, University of Central Arkansas, Conway, AR 72032.

PARASITOLOGY AND BIOMEDICINE
Session Chairperson: Dr. James Daly (UAMS)
?INCIDENCE OF TULAREMIA,LEPTOSPIROSIS, TOXOPLASMOSIS, AND ROCKY MOUNTAIN SPOTTED FEVER IN FUR
TRAPPERS AND TAXIDERMISTS.
Charles Harper, Gary A. Heidt, and Hal Harger, Department of
Biology, University of Arkansas at Little Rock, Little Rock, AR
72204.

?INCIDENCE OF Giardia IN ARKANSAS BEAVER.
Ann H. Nichols and Gary A. Heidt, University of Arkansas at Little
Rock, Little Rock, AR 72204 and James J. Daly, Department of
Microbiology, University of Arkansas for Medical Sciences,
Little Rock, AR 72205.
DETERMINATION OF RELATIVE DNA CONTENT ANDPLOIDY
BY FLOW CYTOMETRY IN SPECIES WITH NUCLEATED RED
BLOOD CELLS.
E. R. Burns, Department of Anatomy, University of Arkansas for
Medical Sciences, Little Rock, AR 72205; G. A.Heidt and D. A.
Baeyers, Department of Biology, University of Arkansas at Little
Rock, Little Rock, AR 72204; and W. G. Hinson, J. L. Pipkin,
and J. F. Anson, Division of Mutagenesis, National Center for
Toxicological Research, Jefferson, AR 72079.

TEACHER EDUCATION IMPROVEMENT CONSORTIUM.
Richard H. Hanson, Department of Chemistry, University of
Arkansas at Little Rock, Little Rock, AR 72204.
?MONTE CARLO CALCULATIONS: ANALYSIS AND
APPLICATION.
Daniel J. Staton, Department of Physics, University of Central
Arkansas, Conway, AR 72032.
WORKSHOP FOR HIGH SCHOOL CHEMISTRY TEACHERS.
Michael W. Rapp, Department of Chemistry, University of Central Arkansas, Conway, AR 72032.
CHEMISTRY FOR MODERN TIMES ANDNEW EDUCATIONAL
STANDARDS.
Robbin C. Anderson, Department of Chemistry, University of
Arkansas, Fayetteville, AR 72701.
SIXTEEN YEARS OF QUANTITATIVE ANALYSIS.
Arthur M. Hoyt, Jr., Department of Chemistry, University ofCentral Arkansas, Conway, AR 72032.
ASUMMER CHEMISTRY PROGRAM THAT LASTS ALLYEAR.
Fred Watson and Richard Hanson, Department of Chemistry,
University of Arkansas at Little Rock, Little Rock, AR 72204.
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Dr. Dwight Munson Moore, long-time Arkansas botanist, was bom on 10 December 1891 and died
on 1 9 February 1 985. He was a teacher and long-time chairman of the Department ofBotany, University
of Arkansas at Fayetteville, coming to the University in 1 924 and retiring in1 957. Following retirement
he taught at Arkansas A & M (now University of Arkansas at Monticello) and Arkansas Tech. His major
field of activity was taxonomy of vascular plants; he described two new species, Delphinium newtonianum and Hedyotis australis. His best-known publication probably is frees of Arkansas, published
the Arkansas Forestry Commission.

*•

HIS LIFE

>

Dwight Munson Moore, long-time Arkansas botanist and faithful
member of the Arkansas Academy of Science, died in Van Buren,
Arkansas, on 19 February 1985 at the age of93 . At Thanksgiving 1984
he fell and broke a leg, necessitating a move to a Van Buren nursing
home. He did not live to return to his home at Rudy, Crawford County.
Dwight was born in Zanesville, Ohio, on 10 December 1891, the son
ofNewton Hoffman and Mary Adela (Munson) Moore. His father was
employed with a firm that built wagons, while his mother was talented
as an artist and particularly gifted at china painting. Dwight had a fraternal twin brother, a sister, and a half-brother.
On 5 September 1922, Dwight married Elizabeth Alice French, of
Chicago; she died of injuries from an automobile accident in 1965. A
son named Dwight French Moore, now of Little Rock, was born of
the marriage. On 10 June 1966, Dwight married Clementine (Winfrey)
Kizer, of Rudy, a former student from his Arkansas Tech years. In addition to his wife Clemy and son French, he is survived by a stepdaughter, Mary Hesslen, of Ft. Smith; one grandchild; two greatgrandchildren; and four step-grandchildren.
Dwight Moore graduated from Denison University, Granville, Ohio,
in 1914. He served as high school principal and teacher at Monroeville,
Ohio, during 1914-17. In1917 he was chemistry instructor at Zanesville
High School until a December enlistment in the Army. He served on
hospital train #58 in France in 1917-18 and as a medical department
sergeant in 1918-19. When World War Iended, Dwight remained in
France where he studied at the University of Montpelier and received
a certificate in 1919. He returned to Ohio in 1919, again teaching at
Zanesville High School during 1919-20. He returned to Denison University in 1920-23 as a biology instructor while studying there for a Master's
degree in botany (with a minor in chemistry), completing the degree
in 1921 . He served as a botany instructor at The Ohio State University
in 1923-24 while pursuing a doctorate in plant physiology (with a minor
in plant chemistry). Upon completion of the doctorate in 1924 he and
his wife moved to Fayetteville.
His initial appointment at the University of Arkansas, Fayetteville,
was as assistant professor of botany, however, he was promoted to Professor of Botany and Chairman of the department in 1926. In1950 the
botany program was combined with the bacteriology department and
at that time Dr. Delbert Swartz replaced him as department chairman.
From 1950-57 Dr. Moore's appointment was as Professor and Curator
ofHerbarium, the position he held until his retirement at the mandatory
retirement age of 65 in 1957.

Published by Arkansas Academy of Science, 1985

During his long tenure at UAF he had several noteworthy absences
from the campus. During the summer of 1934 he served as Professor
of Botany with the Omnibus University, one of the first attempts in
education with the so-called "open campus". Bob McCann of Ft. Smith,
Arkansas, was Dr. Moore's driver and an examination of the transcript
of McCann's personal diary of the Omnibus tour makes fascinating
reading. The car used for the trip, a 1925 seven-passenger Packard with
about 148,000 miles on it, was nicknamed Betsy. The group, withDr.
Moore in command, left LittleRock on 11 June and arrived in Chicago
on 3 1 July; between those dates they had studied just about everything
that came in their path as they moved from Little Rock to Memphis,
Vicksburg, New Orleans, Pensacola, Atlanta, Knoxville, Washington
D.C., Philadelphia, New York, on into Canada, back to Detroit, and
finally to Chicago and back to Fayetteville. The students studied
everything from botany to geology, history, economics, industry, etc.
It must have been a grand experience as the students and Dr. Moore
visited with personalities ranging from George Washington Carver at
Tuskegee Institute to Jane Addams at Hull House in Chicago.
In the summers of 1940-42 he was Professor of Plant Ecology with
the Ohio Conservation Laboratory. During the summer and fall semester
of 1944, as his contribution toward the war effort, Dr. Moore was
regional supervisor of the Milkweed Floss Division, War Hemp Industries. That group was involved with the collection of floss from
milkweed seeds (genus Asclepias), useful as a substitute for kapok.
Normal supplies of kapok, used by the Navy in life jackets and other
flotation devices, were controlled by the Japanese and substitutes were
vital to the American troops. To Dr. Moore's chagrin the war ended
before the floss could be removed from the warehouses, but he delighted
in telling how he had organized the collection effort, utilizing school
children throughout the Midwest as collectors of the milkweed floss.
After retirement from the University Dr. Moore moved to Monticello,
teaching forestry in 1957-58 at Arkansas A. & M. (now University of
Arkansas at Monticello). In1958-59 he served as a visiting Smith-Mundt
Professor at the University of Saigon (with some additional teaching
at the University of Hue), South Vietnam. On returning to the U. S.
he continued teaching at A. &M. during 1959-61, until an offer from
Arkansas Tech coaxed him back to his beloved Northwest Arkansas.
He taught botany and was head of biology at Tech during 1961-66. He
led a bus tour to Alaska in summer of 1963 and returned to Fairbanks
the following summer to teach a NSF-sponsored course at the University of Alaska.
Following his third retirement from teaching, Dr. Moore moved to
El Dorado, Arkansas, where he served in 1966-69 as director of a
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federally-funded project to establish an arboretum on the grounds of
the local high school. There he used his unsurpassed knowledge of

Arkansas plant localities in finding suitable specimens to transplant into
the arboretum.
Dr. Moore was active in many professional organizations. Examination of some of his personal correspondence has shown that he maintained a close working relationship with many of the country's leading
taxonomists. Perusal of some of his numerous letters to and from M.
L. Fernald, Liberty Hyde Bailey, E. J. Palmer, Julian Steyermark, and
others has indicated Dr. Moore's keen eye for detecting variability and
a devotion to scholarship of the best kind.
One of Dr. Moore's most prized memberships was that in the Arkansas Academy ofScience. The Academy first was organized in Little Rock
in 1917, but due to problems inherent with the war years the organization never really got off the ground; in fact, ihe Academy apparently
did not have but one annual business meeting during the period of
1917-32. InOctober 1932, Dr. Moore organized a meeting for the purpose of reviving the Academy, and the first annual meeting after the
reorganization (with him as President) was held in 1933. He served the
Academy in a variety of ways during the period of 1934-84; he said
in 1984 that he had missed only two meetings of the Academy in that
entire period. He was proud and justifiably so of his role in the initiation of the Proceedings, first published in 1941 and including three
papers authored by Dr. Moore.
Dr. Moore published a number of significant papers during his long
career, most of which were of a floristic nature, reflecting the extensive field work done by him throughout the state. He long talked of
doing a state flora; attempts at securing National Science Foundation
funds for the project first were made, without success, in 1957. By the
time ofhis retirement, however, he had accumulated a card filechecklist
of plant taxa known to him, based largely on his own collections but
also on specimens he had examined at some of the country's larger herbaria. Most of Dr. Moore's personal plant collections were deposited
at the University of Arkansas at Fayetteville herbarium; Dr. Ed Smith,
Curator, has estimated that about half of the 70,000 + specimens there
were collected by Dr. Moore.
Dr. Moore gave us the impression that he was most proud of his 1939
paper in which he described Delphinium newtonianum as a new species.
He loved to tell the story ofhow he and Dr. David Causey, a University colleague, were traveling Highway 7 south of Jasper, Newton County,
on 4 July 1935, when Dwight spotted a blue-flowered plant from the
car window a plant he didn't recognize. This species, endemic to a
small area of the Interior Highlands, remains one of the most distinctive members of the genus.
Dr. Moore's publication that has received greatest distribution and
use would be his Trees of Arkansas. First published in a version by
Buchholz and Mattoon in 1924, the little book received Dr. Moore's
distinctive treatment in 1950. Since that time it has gone through several
revisions and reprintings under his name.
Examination of some of Dr. Moore's correspondence has given insight into him as a person. In a letter to Delbert Swartz, dated 22 June
1935, he wrote: "Summer school is progressing nicely. In spite of
the seven o'clock hour, Ihave had very few absences or even tardinesses
in that class. Strange as it may seem, Ihave not yet been late myself."
In a later note to Dr. Swartz, dated 17 August 1937, he wrote: "Glad
to see you using hotel stationery instead of ours. That's the old
economy." Faculty members at Arkansas Tech remember that at the
beginning of each school year he gave each instructor a gradebook, a
couple of red pencils, and asking them to hold out their hand, gave
them a few rubber bands and paper clips. This conservative use of office supplies was much admired by his immediate administrative
superior, Truman McEver.
In a letter to the Dean at Arkansas Tech, dated 21 July 1960, after
an offer from Arkansas Tech, Dr. Moore wrote: "My work at
A. &M. is not at all distasteful, nor is it too heavy. The main advantage of a change to Russellville would be to be closer to the northwestern
part of the state. .As Istated while there, unless there is a very urgent
reason to do so, Iprefer not to break a signed contract, though Iknow
it is frequently done. If,as the year progresses, you still feel that Imight
be of service to you, write me at the above address stating your offer

again at that time, and Ishall be glad to give it full consideration. In
the meantime, there is the possibility that something might happen to
me to make it impossible or inadvisable the acceptance of the offer.
One never knows just when an old machine may show too much wear.
But if Icontinue to feel as Ido now, that is unlikely." The lastmentioned thoughts were written at the approximate age of 70, but he
didn't retire from teaching until six years later and continued to work
at El Dorado until past the age of 79.
Dwight Moore willbe remembered particularly for the large number
of students instructed in and inspired with the field of botany through
his teaching and speaking engagements throughout the state. He was
for many years an extremely popular speaker among the garden clubs
and nature groups of Arkansas, Louisiana, and Missouri. He also will
be remembered as a humorous and gentle man who had a love for the
classics, fine music, poetry recitation, ocarina playing, and good conversation. Those who did not know him well may be surprised to learn
that at the age of 15 he made a satin-stitch embroidery picture of a
bouquet of flowers which today looks as though it had been made by
a professional needlework artist, that in his early years at Fayetteville
he served as a church choir director and directed a production of
Handel's Messiah, or that at the age of85 he played the piano for church
services for a period of six months (at Newberry Chapel near Alma).
Those who knew Dr. Moore in his earlier years willremember him for
the phenomenal memory of places, dates, and names at his disposal.
The death of Dwight Moore brings to a close something of an era
in the annals of Arkansas botany; he had outlived almost all of his contemporaries and had lived to see the field of botany become something
very different from the discipline he had entered in the early 1920's.
But of course he had shown the necessary flexibility to adjust much
earlier; at the time he came to Arkansas his major training primarily
had been as a plant physiologist and chemist but apparently found the
necessity of becoming a good field botanist more in tune with the state's
needs at the time. Ifwe as Academy members are to build on the legacy
he has left us we will have to work very diligently to maintain the zeal
for the organization, the warmth and concern and genuine interest in
our colleagues, and the interest in popularizing our areas of interest
with the nonprofessional— that is, if we are to come close to filling his
footprints in the sands of time.

—
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PUBLICATIONS OF DWIGHT M. MOORE
The following list of Dwight M. Moore's publications possibly is not
complete, but it is derived largely from a list prepared by Dr. Moore
himself in 1961, reason for believing that it is essentially complete.
Several of his early publications, though, did not appear on the 1961 list.
1923. A botanical survey of the campus of Denison University.
Jour. Sci. Lab. Denison University 20:131-154, pi. 17-19 + f. 1-7.
1925.

Some potentialities of illumination for influencing plant
development. Minutes of the 41st Annual Meeting of the Association of Edison Illuminating Companies. December.
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1929. Breaking the dormancy of tulip bulbs. Privately published
abstract of doctoral dissertation completed at The Ohio State
University in 1924. Privately published by H. L. Hedrick, Columbus, Ohio.
1939. Delphinium newtonianum, a new species from the Arkansas
Ozarks. Rhodora 41:193-197, pi. 548, 549.

I

»

1940.

1941. White-flowered forms of some Arkansas wildflowers. Proc.
Ark. Acad. Sci. 1:23-27.
*

A checklist of the ligneous flora of Arkansas. Proc. Ark.
Acad. Sci. 1:41-55.

Conservation of wild plant life in Arkansas, pp. 246-274 in
Arkansas' Natural Resources Their Conservation and Use. The
Source Book Committee, University of, Arkansas Book Store,
Fayetteville.

1947. Further notes on Arkansas pteridophytes. Proc. Ark. Acad. Sci.
2:67-70.

*

of the Massard Prairie. Proc. Acad. Sci

1958. Mimulus floribundus Dougl. (Scrophulariaceae)
Southw. Nat. 3:217-219.

in Arkansas

1959. Hedyotis australis (Rubiaceae), a new species from south
central U. S. Southw. Nat. 3:208-211. (with Walter H. Lewis).

1960. Trees of Arkansas. Rev. ed. Arkansas Forestry Commission
Little Rock. 129 pp.
1961. Revised and annotated catalogue of the grasses of Arkansas
Proc. Ark. Acad. Sci. 15:9-25.
1961.

Deer browse plants of southern forests. Southern and South-

eastern Forest Experiment Station, Forest Service, U. S. Department of Agriculture.

1941. A checklist of the grasses of Arkansas. Proc. Ark. Acad. Sci.
1:57-62.

11942.
-

aspects

1959. New records for the Arkansas flora. IV.Proc. Ark. Acad. Sci
12:9-16.

1941 . Some noteworthy fern communities of Arkansas. Amer. Fern.
Jour. 31:63-71.

¦

Botanical

11:6-10.

Selaginella rupestris (L.) Spring in Arkansas. Amer. Fern

Journ. 30:50-52.

1941.

1957.

1972. Trees of Arkansas. Third edition. Arkansas Forestry Commission, Little Rock. 142 pp.
1981. Trees of Arkansas. Fourth edition. Arkansas Forestry Commission, Little Rock. 142 pp.
MASTER'S DEGREE THESES DIRECTED BY DR. MOORE
(PROBABLY NOT COMPLETE)

1950. Trees of Arkansas. Ark. Res. Devel. Comm., Div.of Forestry
and Parks, in cooperation with University of Arkansas. 119 pp.

1932.

Lillian Sedgewell Gregson. The Gramineae of Arkansas.

1950.

1935.

William Lincoln Giles. The phanerogamic flora of Washing-

Tetramerism in Narcissus. Proc. Ark. Acad. Sci. 3:31.

ton County, Arkansas.

1950.

¦
r

¦

A New fern record for Arkansas. Proc. Ark. Acad. Sci. 3:33-34.

1950. Grassy Lake:
3:41-43.

a biologist's paradise. Proc. Ark. Acad. Sci.

1939.
1941
1952. Additional new records for the Arkansas flora. Proc. Ark.
Acad. Sci. 5:91-93.

flora of Magazine

Duane Isely. Ecological considerations

of certain Arkansas

.

Ruth Armstrong. A study of the flora of Massard Prairie with
some ecological notes.

1946.
1956.

Pyle. The herbaceous

legumes.

1951. Some new records for the Arkansas flora. Proc. Ark. Acad.
Sci. 4:61-63.

to

t

1939. Hcyte Remus
Mountain.

Elizabeth Ward McSwain. Compositae of Arkansas.

Neviusia alabamensis Gray in Arkansas. Rhodora 58:187-191.

1956. Neviusia alabamensis
Nat. 1:87.

Gray (Rosaceae) in Arkansas. Southw.

*
•
r
*

'»
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A COMPARATIVE STUDY OF LACTATE
DEHYDROGENASE ACTIVITY IN DIVING
AND NONDIVING REPTILES
DENNIS A. BAEYENS, DEBORAH BURSEY
and ROBERT ROUNTREE
Department of Biology
University of Arkansas at Little Rock
Little Rock, AR 72204
ABSTRACT
The properties of lactate dehydrogenase (LDH) were examined in two snake species and one turtle
species. The snakes used in the study were the semi-aquatic Nerodia rhombifera and the terrestrial
Elaphe obsoleta, while Pseudemys scripta represented the turtle species. Our purpose was to compare the LDH activity of nondiving reptiles (Nerodia and Elaphe) with that of the well established diver
Pseudemys. The kinetic properties of LDH and its susceptibility to inhibition by elevated pyruvate concentrations were investigated in the brain and heart of the three species. Brain and heart were chosen
because they are highly aerobic tissues and therefore should be quite sensitive to anoxia.
Inboth tissues the LDH activity of the snakes was higher than that of Pseudemys at pyruvate concentrations ranging between .03 mM and .50 mM. The Km values of the snakes were lower than those of
Pseudemys in both tissues suggesting a greater enzyme-substrate affinity in the snake tissues. The
Vmax values were higher in snake brain and heart than in turtle indicating a faster conversion of substrate
to product in the snake tissues.
Brain LDH activity was reduced by high pyruvate concentrations to an equal extent in the three species.
Nerodia heart LDHshowed the greatest susceptibility to substrate inhibition while heart LDH activity was
equally inhibited in Elaphe and Pseudemys.
The results indicate that the LDH of Pseudemys is no better adapted to anaerobic conditions than
that of Nerodia and Elaphe.

INTRODUCTION
Certain representatives of all the vertebrate classes have the ability
to remain submerged for extended periods of time. These animals are
commonly referred to as diving animals. The diving mammals and birds
have been studied most extensively while the diving reptiles have received

relatively less attention. Of the three classes it appears, however, that
the diving reptiles may be best adapted to an underwater existence.
The diving capabilities of sea snakes have been well documented
(Graham, 1974; Heatwole and Seymour, 1975; Heatwole, 1976). The
ability of snakes to survive submergence is not restricted to those forms
that are strictly aquatic. Baeyens et al. (1980) found that both the semiaquatic diamondback water snake, Nerodia rhombifera, and the terrestrial black rat snake Elaphe obsoleta, could tolerate total submergence
for periods of approximately one hour. The turtles are, however, the
most remarkable reptilian divers. Fresh water turtles of the family
Emydidae can tolerate apneic periods ofseveral hours at summer water
temperatures (Burggren and Shelton, 1979; Lucey and House, 1977;
Penney, 1974) while at winter water temperatures they can remain continuously submerged for periods of four to sixmonths (Musacchia, 1959;
Ultsch and Jackson, 1982).
The ability of reptiles to remain submerged has been variously attributed to such circulatory adaptations as a pronounced bradycardia
and a preferential shunting of blood away from anaerobic tissues to
the brain and heart, a refractoriness of the respiratory centers to carbon dioxide, and increased storage capacities for oxygen in lungs and
blood (Belkin, 1968; Gatten, 1980; Schmidt-Nielsen, .1983). Amore important factor in the survival of turtles encountering a limited oxygen
supply is their ability to liberate energy through anaerobic metabolism
(Jackson, 1968). This is due in part to special properties of brain, heart
and muscle enzymes to generate ATP by anaerobic means (Lutz et al.,
1978; Simon et al., 1979; Storey and Hochachka, 1974).
The present study focuses on the glycolytic enzyme lactate
dehydrogenase (LDH) derived from brain and heart of three reptilian
species. The two snakes, TV. rhombifera and E. obsoleta were chosen

14

because of their ability to tolerate extended periods of submergence
(Baeyens et al., 1980). For comparative purposes, we also chose the
red eared turtle, Pseudemys scripta, because of its well established
reputation as an outstanding reptilian diver (Belkin, 1968; Caligiuri et
al., 1981; Robin et al., 1964). The Michaelis-Menten kinetics of LDH
and its susceptibility to substrate inhibition were compared in the three
species. It was hoped that examining the properties ofLDH would lead
to an explanation of the differences in anaerobic threshold between the
snakes and turtle.
MATERIALS AND METHODS
N. rhombifera (55-63 cm snout vent length [SVL]) were collected from
minnow ponds in Lonoke County, Arkansas. E. obsoleta (80-105 cm
SVL) were collected from wooded areas in Pulaski County, Arkansas.
P. scripta were obtained from commercial dealers. All animals were
maintained at room temperature (20-25 °C) and were allowed at least
30 days to acclimate to captive conditions before they were used for
experimentation.
Enzyme activity was examined in heart and brain of the three species.
Five individuals ofeach species were used for the enzyme analyses. After
determining that there was no individual variation in enzyme activity
for a specific tissue within a species, the results obtained for the five
individuals of that species were pooled and compared with the results
obtained from the other two species. Enzyme activity was expressed
as a change in absorbancy/min/mg protein. Protein concentration was
determined by the method of Lowry et al. (1951) using bovine serum
albumin as a standard. The differences between means of enzyme activity,Km values and Vmax values were analyzed by Student's t-tests.
Preparation of Tissue Extracts

The animals were killed by cervical dislocation and samples ofheart
and brain were immediately dissected free from the animal. After the
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tissue samples were weighed to the nearest mg, they were homogenized
in 0.1 M phosphate buffer (pH 7.4) in a ratio of 1 g of tissue to 7 ml
of buffer. Following homogenization the samples were centrifuged- at
2445 g for 40 min. The clear supernatant was then stored frozen at 80
C. Before enzyme analysis the supernatant was further diluted in a 1:9
ratio with phosphate buffer.
«

LDH Activity Determinations

>

Enzyme activity was measured by following the oxidation of NADH
+
at 340 nm with a Varian dual beam recording spectrophotometer (model DMS90). The assay mixture consisted of 2.8 ml
of 0. 1 M phosphate buffer (pH 7.4), 100 /tl of 30 mM sodium pyruvate,
and 100 /tl of NADH. The reaction was initiated by adding 10 of
the tissue preparation to the mixture in a cuvette. The decrease in absorbancy was recorded over a 5 min period.
To examine the Michaelis-Menten kinetics of LDHthe pyruvate conto NAD

?

s

centrations of the reaction mixture were varied between .03 mM and
.50 mM. The mean of three measurements at each substrate concentration was recorded. Apparent Km and Vmax values were calculated
from Lineweaver-Burk plots.

•
?

Substrate Inhibition Studies
«*

*

-

•
•

-

To determine the susceptibility of LDH to inhibition by pyruvate,
the pyruvate concentration of the reaction mixture in the cuvette was
varied between .16 mM and 6.6 mM. Three measurements were made
at each substrate concentration and the results were averaged.
Table 1. Brain and heart LDH activity in N. rhombifera, E. obsoleta
and P. scripta. LDH activity is expressed as change in absorbancy/
min/mg protein.
SPECIES

BRAIN

HEART

N. rhombifera

18.792 t 0.373 (15)

37.180

1 0.534 (15)**

E. obsoleta

15.056

t 0.220 (15)***

28,830 i0.201 (15)***

P. scrip

14.041

i 0.219 (15)

26.045

i0.232 (15)

*

Figure I.Lineweaver-Burk plot ofbrain LDH activity in N. rhombifera,
E. obsoleta and P. scripta.

Mean iS.E. (N)

?Significantly different from E_.

r

"Significantly

different

from

obsolete
£. obsoleta

and P. scripta heart (P<0. 001 )

'"Significantly different from P. scripta brain (P<0.05)
****Significantly different from P. scripta heart (P <0.05)

RESULTS

r

>

Substrate Inhibition Studies

and P. scripta brain (P<0.001)

Highest brain LDH activity occurred at a 1.3 mM pyruvate concentration in the three species (Fig. 3). At higher substrate concentrations
there was a progressive and equal reduction in enzyme activity in each
species. The highest activity ofheart LDH occurred at a substrate concentration of 1.7 mM in the three species (Fig. 4). Nerodia heart LDH
was the most sensitive to substrate inhibition, while the degree of
substrate inhibition was approximately equal in Elaphe and Pseudemys.

Kinetic Studies
Table 1 gives the activities ofbrain and heart LDHin the three species
when measured at a pyruvate concentration of 1 mM. Ineach species
the LDH activity was greater in heart than brain. Inboth tissues the
activities were greatest in Nerodia followed by Elaphe with Pseudemys
having the lowest activity.
The Lineweaver-Burk plot for brain LDH is shown in Fig. 1.
Throughout the range of pyruvate concentrations the activity ofNerodia
is highest while Pseudemys is lowest with Elaphe being intermediate.
Nerodia also had the highest Vmax value and Pseudemys had the lowest
of the three species. The apparent Km value ofNerodia was the lowest
of the three species while that of Pseudemys was the highest.
The results were similar for heart with Nerodia having the highest
activity throughout the range of substrate concentrations utilized,
Pseudemys having the lowest and Elaphe showing intermediate activity (Fig. 2). The Vmax values were greater in the two snakes than in
Pseudemys, while the Km value of Pseudemys was greater than that
of either snake. The results of the kinetic studies are summarized in
Table 2.
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DISCUSSION
A number of studies have suggested that aquatic gas exchange may
be important in extending the survival time of forciblysubmerged reptiles (Belkin, 1963; Belkin, 1968; Girgis, 1961). !n P. scripta, however,
there appears to be no evidence for gas exchange during a dive (Belkin,
1963; Robin et al., 1964). Likewise, in an unpublished experiment conducted in our laboratory, the dive times of N. rhombifera and E. obsoleta could not be extended by increasing the oxygen tension of the
water, suggesting the improbability of aquatic gas exchange in these
two species.

The physiological responses of reptiles to submergence have been well
documented (Andersen, 1966; Astrupet al., 1977; Belkin, 1961; Berkson,
1966). These responses may extend dive times for short periods but they
are incapable of sustaining an animal for hours or days in an anaerobic
state. The ability ofsuch outstanding reptilian divers as Pseudemys to
remain submerged for extended periods must in large part be attributed
to various biochemical adaptations. In this regard, ithas been suggested
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Table 2. Summary of the brain and heart LDH kinetic data in N.
rhombifera, E. obsoleta and P. scripta.
SPECIES

TISSUE

Vmax

Kill

N. rhombifera

Brain

23.0

0.121

E. obsoleta

Brain

20.0

0.167

P. scripta

Brain

20.6

0.215

N. rhombifera

Heart

42.8

0.142

E. obsoleta

Heart

35.3

0.128

P.

Heart

scripta

?Significantly different from fT

0.167***

rhombifera

brain (P<0.05)

**Significantly different from IJ. rhombifera and E_. obsoleta brain (P<0.05)
***Significantly different from N. rhombifera and E. obsoleta heart (P<0.05)
****Significantly different from N. rhombifera~ and F. oEioleta heart (P<0.05)

that anaerobic glycolysis may be of particular importance. Belkin (1962)
found that treating the loggerhead musk turtle, Sternothaerus minor,
with iodoacetate resulted in a significant decrease in survival time when
subjected to an oxygen free atmosphere as compared to untreated controls. Similarly, blocking the glycolytic pathway in the river cooter, P.
concinna, permits indefinite survival in air but renders the animal incapable of prolonged diving (Belkin, 1961). An increased reliance on
glycolysis during diving in reptiles is also indicated by the high levels
of lactic acid which accumulate in the blood following the dive (Berkson,
1966; Johlin and Moreland, 1933; Robin et al., 1981).
Lactic dehydrogenase may play a key role in prolonging anaerobic
survival in turtles. Altman and Robin (1969) suggested that LDHmay

16

be an important determinant of the diving ability ofP. scripta because
ofits unusually high resistance to substrate inhibition. Miller and Hale
(1968) measured the LDH activity ofP. scripta brain and found it to
be much higher than that of rat brain. They attributed the ability of
the turtle brain to withstand long periods of anaerobiosis to be in part
due to the elevated LDH activity. Even if LDHis not the rate limiting
enzyme of glycolysis its continued activity under anaerobic conditions
is essential in order to generate NAD + so that glycolysis can be
sustained.
We found that brain and heart LDH activity was greater in Nerodia
and Elaphe than in Pseudemys at pyruvate concentrations ranging from
0.03 raM to 0.50 mM. Inboth tissues the Km values of the snakes were
lower than those of Pseudemys suggesting a greater affinity of LDH
for pyruvate in the snakes. In addition, the higher Vmax values of the
snake brain and heart suggest a faster conversion of substrate to product when the enzyme is saturated with substrate. Since Pseudemys is
clearly a better diver than either snake, there does not appear to be a
positive correlation between LDH activity and the ability to withstand
anaerobic conditions in these three species. In a similar study, no correlation could be established between LDH activity and diving ability
in marine mammals (Castellini and Somero, 1981).
Most vertebrates possess two genes for LDHthat make similar but
not identical polypeptides called H and M(Kaplin et a!., 1968). In embryonic tissue both genes are equally active resulting in the formation
of five different isozymes (M4,M,H, M2H2, MH,, and H4 ). As embryonic tissue differentiates the relative amounts of the Mand H forms
change.

An important factor determining the distribution of the LDHisozymes
is the availability of oxygen (Hochachka and Somero, 1973; Hochachka,
1975; Kaplin et al., 1968). Skeletal muscle, which is dependent on
anaerobic metabolism for energy production during strenuous bouts
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of activity, has LDH composed of high proportions of M subunits. This
is of adaptive value in an anaerobic tissue because the Msubunits continue to remain active, converting pyruvate to lactate, even in the
presence of high substrate levels. In contrast, tissues which are more
dependent on aerobic metabolism for energy production have LDH with
greater proportions of H type subunits. These isozymes are
characteristically more susceptible to inhibition by increased levels of
substrate. The heightened sensitivity to substrate inhibition of H
monomers is important because it allows the channeling of pyruvate
into the Kreb's cycle rather than its conversion to lactate during aerobic

«
>

conditions.
The capability of prolonged anaerobic survival has been attributed
to the presence of particular combinations ofLDH isozymes in various
tissues of diving reptiles. Miller and Hale (1968) compared LDH activity in brain, heart and skeletal muscle of the albino rat and P. scripta. They calculated the ratio of M-and H- subunits by measuring the

«

v

*
•>

*

-

*

-

?
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relative enzyme activities in high and low concentrations of pyruvate.
The proportion of M-LDHin brain and heart was found to be much
higher in the turtle than in the rat. Furthermore, the proportion of MLDHis similar in brain, heart and skeletal muscle of the turtle and the
proportion of M-LDHin these three tissues is also similar to the proportion of M-LDHin mammalian skeletal muscle. Since mammalian
skeletal muscle is highly adapted to anaerobic conditions, they concluded
that the turtle tissues may be similarly adapted.
Altman and Robin, (1969) found that LDH from both heart and
skeletal muscle of P. scripta has similar proportions of H and M
subunits. The composition of the LDH is so similar that changes in
the pH of the electrophoresis media caused the LDH to appear
homogenous in the two tissues. Of equal importance, the pyruvate inhibition patterns of LDH from heart and skeletal muscle extracts were
virtually identical, indicating heart LDH can maintain high levels of
activity even in the presence of increased substrate concentrations. In
a related study, the properties of the LDH Mand H subunits were examined in a marine turtle Caretta caret ta (Baldwin and Gyuris, 1983).
The M4 and H4 isozymes were purified from skeletal muscle and liver
respectively, and their kinetic properties were measured in the presence
of varying substrate concentrations. The LDHH4 activity progressively fell with increasing concentrations of pyruvate, being reduced to 44%
ofmaximal activity at the highest concentration of pyruvate (10 mM).
In contrast the M4 activity was completely insensitive to substrate concentration. Due to the sensitivity of the H4 isozyme to substrate inhibition the authors concluded that the kinetic properties of the M and H
monomers ofC. caretta were clearly different from those ofP. scripta.
For diving animals, which are heavily dependent on glycolysis for
energy production during anaerobic conditions, having LDH with a
high Msubunit activity would be an adaptive advantage because ofits
ability to remain functional in the presence of high substrate concentrations. Thus, even tissues like brain and heart, which normally derive
most of their energy aerobically, could remain functional by shifting
their energy production to anaerobic glycolysis during a dive.
In comparing the LDH activity ofbrain and heart in Nerodia, tlaphe,
and Pseudemys we could find no evidence that the enzyme derived from
Pseudemys was particularly resistant to substrate inhibition. Brain LDH
activity was equally inhibited by high substrate concentrations in all
three species. The LDH activity of Pseudemys heart was no more resistant to substrate inhibition than that of Elaphe heart. Thus, in terms
of susceptibility to substrate inhibition the LDH of Pseudemys brain
and heart is no better adapted to anaerobic conditions than that of the
two snakes. These results are somewhat surprising since Pseudemys is
capable of sustaining a dive for a much longer period of time than the
snakes and therefore must accumulate higher concentrations of
substrates in the tissues.
In conclusion, based on total enzyme activity, Michaelis-Menten
kinetics and susceptibility to pyruvate inhibition the LDHof Pseudemys
brain and heart appears to be no better adapted to anaerobic conditions than that of Nerodia or Elaphe.

Figure 4. Substrate inhibition plot of heart LDH activity in N. rhombifera, E. obsoleta and P. scripta.
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REPORT ON FISH COLLECTIONS FROM THE
OUACHITA RIVER BASIN, ARKANSAS
JOHN A. BAKER
U.S. Army Engineer
Waterways Experiment Station
Vicksburg, MS 39180-0631
ABSTRACT
Collections of fishes were made throughout the Ouachita River system of southern Arkansas during
July and August 1 983. Seventeen sites were sampled using boat arid backpack electroshocker, experimental gill nets, hoop nets, and seines. A total of 801 1 fish representing 79 species and one hybrid
combination was taken in the study. Comments are presented on the distribution, habitat, and ecology
of fishes collected.

The Ouachita River system originates in the Ouachita, Caddo and
Cossatot Mountains in southwestern Arkansas. The predominantly
upland system consists of four major streams, the Caddo, Little
Missouri, Ouachita and Saline rivers, and numerous smaller tributaries.
No natural lakes of any size occur within the basin; however, five
major impoundments have been constructed over the past 50 years, three
on the Ouachita River and one each on the Caddo and Little Missouri
Rivers. Some tributaries have also been dammed to produce smaller
lakes.
A large number of fish studies have been conducted within the
Ouachita River basin in Arkansas (Arkansas Game &Fish Commission, 1954; Dewey and Moen, 1978; Frietsche, 1982; Fruge, 1971; Harris
and Douglas, 1978; Loe, 1983; Moen and Dewey, 1978; Myers, 1977;
Ponder, 1983; Raymond, 1975; Reynolds, 1971; Robison and Winters,
1978; Robison et ctl., 1983; Stackhouse, 1982; U.S. Army Corps of
Engineers, 1971; Walburg et al., 1983). The U.S. Fish &Wildlife Service (unpublished data) has also made collections in the Caddo and
Ouachita Rivers for a number of years. However, these studies have
either been limited to a small portion of the system or have been conducted using only one, or at most two, gear types. Seines, in particular,
were the primary gear type in most of these studies. In 1983, personnel
from the U.S. Army Engineer Waterways Experiment Station made
fish collections throughout much of the system utilizing a wide variety
ofgears. The collections were made for the U.S. ArmyEngineer District,
Vicksburg, as part of their larger Arkansas Lakes Interim Study.
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Figure 1. Fish collecting sites within the Ouachita River basin, Arkansas.

STUDY AREA
The Ouachita basin as a whole has a humid subtropical climate (U.S.
Army Corps of Engineers, 1979). Rainfall averages over 130 cm per
year basin-wide. Summer temperatures normally range from 21 to 35 °C;
winter temperatures are from 7 to 20 °C. The typical stream flow pattern during winter and spring is one of rapid, and often large, fluctuations in discharge. During summer and fall stream flows are
characteristically low, though punctuated by occasional flooding.
Three general topographic regions exist within the basin. The Mountain Province comprises roughly the area within and upstream of the
five major impoundments (Fig. 1). The terrain is rugged and consists
of parallel ridges separated by deep valleys. Elevations range from 120
to 600 m above mean sea level (msl). The area is primarily forested,
with some pasturing and small farming activity. Streams flow mostly
over limestone, shale, dolomite, and sandstone bedrock; chert gravel
accumulates in the stream bed in many spots. Floodplains are narrow
and poorly developed. Streams in this province are clear, relatively cool,
slightly acidic to slightly basic, low in dissolved solids, low in conductance, and generally high in dissolved oxygen. Collecting sites 15-17
were located within the Mountain Province.
The HillProvince extends from a few miles downstream of the lakes
to the vicinity ofCamden (Fig. 1). This area is characterized by rolling

to hilly land at elevations from 30 to 150 m msl. In the upper part of
this province the rivers run over some bedrock and rock; however, they
quickly drop into the Mississippi Embayment alluvium, and the rock
is rapidly replaced downstream by gravels and clayey loams. Floodplains
are wider and better developed here than in the Mountain Province.
Stream conditions are generally similar to those upstream of the impoundments, although the lakes do cause some downstream physical
and chemical effects (Walburg et al., 1983). Collecting sites located
within this province are 5-14.
Downstream of Camden lies the Alluvial Lowland Province, the principal features of which, in Arkansas, is the Felsenthal Basin (U.S.
Army Corps of Engineers, 1979). Relief in this area ranges from only
about 10 to 25 m msl. The dominant stream substrates are hardpan
clay, sand and mud. Streams in this province are warmer, more turbid, higher in dissolved materials and conductivity, and slightly lower
in dissolved oxygen than streams in the former two provinces. Sites 1-4
were located in this province, with Site 4 being somewhat transitional
between the Alluvial Lowland and Hill Provinces.
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Table 1. Summary of physical and chemical conditions recorded for 17 sampling sites within the Ouachita River drainage, Arkansas, July-August 1983.

Flow

Mean
Current
Speed

(cfs)

(cm/sec)

Water
Temperature

Site

I
£1

Turbidity

D.O.

Conductivity

(NTU)

(mg/1)

(umho/cm)

fiH

Maximum

Depth

Width

(m)

(m)

Substrates*

1

29

28

5.3

110

6.8

5350

40

10.6

75-90

Clay> mud> sand-mud

2

31

38

5.4

185

6.6

0

0

5.5

23-45

Clay> mud

3

29

33

5.4

105

6.3

5350

40

10.5

75-90

Clay> mud> sand-mud

4

24

40

6.3

81

7.0

7300

46

9.0

70-95

Clay> sand> mud> gravel

5

25

35

7.0

100

6.5

1400

69

3.7

45-53

Gravel> sand> mud-sand

6

25

22

7.2

70

7.1

404

60

2.4

23-45

Gravel> sand

7

18

25

7.6

77

6.4

3540

56

4.6

43-61

Gravel> sand> mud

8

28

11

7.2

55

7.0

164

38

2.4

15-30

Rock> gravel> mud

9

18

22

7.1

70

6.7

2350

65

2.4

30-45

Rock> gravel> sand

10

17

18

7.0

72

6.8

1744

66

2.4

30-45

Rock> grave 1> sand

11

23

33

7.5

46

7.1

899

63

4.6

25-35

Gravel> sand> rock

12

22

35

7.6

38

7.1

707

50

2.7

23-31

Grave 1> rock> sand

13

27

37

6.3

92

6.4

150

21

3.0

15-21

Clay> mud> sand> gravel

14

23

23

7.3

10

7.1

10

23

3.0

30-38

Bedrock> rock> gravel

15

28

27

7.3

63

6.0

75

13

3.7

9-35

Bedrock> rock> gravel

16

31

14

8.3

133

6.5

225

23

3.5

10-35

Bedrock> rock> gravel

17

28

14

6.9

80

6.4

300

32

2.7

23-38

Bedrock> rock> gravel>
sand

*

Substrates

listed in descending

order of abundance.

METHODS AND MATERIALS
Seventeen collecting sites were selected to represent the range of conditions found in the mainstem streams within the basin, with the exception of the Saline River, on which no impoundments exist (Fig. 1).
At each site approximately a 2 km length of stream was delineated within
which all samples were taken. Sampling began on 13 July and was completed on 17 August 1983. An attempt was made to sample each site
during a relatively low-flow period. However, flow at several of the
sites is regulated to a large degree by releases from the upstream impoundments. Remmel Dam releases a minimum of 7 mVsec into the
Ouachita River; DeGray Dam releases ca. 4.25 mVsec into the Caddo
River; Narrows Dam provides no minimum releases into the Little
Missouri River. All sites below these three dams are also subject to unpredictable releases for hydropower generation.
Five gear types were used to collect fishes. A Smith-Root boatmounted electroshocker provided 180-250 volts pulsed-ac current at 3-7
amps. One hour of electroshocking was conducted at each site with the
exceptions of sites 8, 13 and 15, where a lack of sufficient deep water
prevented completion of a fullhour of sampling. Three experimental
gill nets (45.7 m X 2.4 m, mesh ranging from 2.54-8.89 cm) were
fished for 24 hours at all sites except 8 and 14-17, where only two nets
could be set. Six, 0.9-m diameter, 2.54-cm mesh hoop nets were set at

https://scholarworks.uark.edu/jaas/vol39/iss1/1
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each site. The unbaited nets were placed along the shoreline in the vicinity
of underwater structure (logs, large rocks, dropoffs) whenever possible. Six hauls were made at each site using a 4.6 m X 1.2 m, 0.3-cm
mesh seine. Hauls were made in as many different habitats as possible.
At Sites 14-17 seining was often difficult due to the roughness of the
substrate. At these four sites additional samples were taken using a
Smith-Root Type VIIIbackpack electroshocker and employing the seine
as a blocknet immediately downstream. The backpack unit delivered
0.3-0.7 amps at 250-450 volts DC.
Most fish collected by boat electroshocker, hoop nets and gill nets
were identified, measured and weighed in the field. All fish taken with
the seine and backpack electroshocker, and all small fish collected with
other gears, were immediately preserved in 10% formalin for identificationand work-up in the lab. A set of voucher specimens was also preserved for most larger species. Fish were fixed for at least two weeks
in formalin and stored in 45% isopropanol. All preserved material has
been deposited in the Museum of Zoology, Northeast Louisiana University, Monroe.
Water temperature, conductivity, pH, dissolved oxygen concentration, and turbidity were measured in the field on the first day of sampling. Surface current velocity, water depth, and substrate type were determined at several points across the width of the stream in the upper,
middle, and lower parts ofeach site. Flow was determined from near-
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by gauging

stations or estimated from the depth, width, and current

speed measurements. Physical and chemical information for each site
js

summarized

in Table 1.

ANNOTATED LIST OF SPECIES
A total of 8011 fish representing 79 species and one hybrid was collected from the 17 sites. The following discussion details the distribu-

tion of each species within the drainage and presents brief ecological
notes where possible. Scientific and common names follow Robins et
al. (1980) unless otherwise noted. Additional information pertaining
to the study sites or fishes collected may be obtained directly from the
author.

Clupeidae (Herrings)

A/osa chrysochloris (Rafinesque). Skipjack herring. Total, 26. Sites
1,2,3,5,7,8,10,13. The skipjack herring was collected in abundance only
at Site 2, the Saline River.
Dorosoma cepedianum (Lesueur). Gizzard shad. Total, 381. Gizzard
shad were taken at all sites except Site 14. This species was numerous
in the Ouachita River, especially the lowland sites, and in the Caddo
River above DeGray Lake. Very few gizzard shad were collected in the
Little Missouri River.
Dorosoma petenense (Gunther). Threadfin shad. Total, 196. Sites 4,7,8.
Threadfin shad were commonly seined at all three sites. They probably
occur naturally in the lowland portions of the system; those captured
at Sites 7 and 8 may have emigrated from DeGray Lake (Moen and
Dewey, 1978).

Petromyzontidae (Lampreys)
khthyomyzon castaneus Girard. Chestnut lamprey. Total, 1. A single
lamprey

larva was collected from a shallow gravel riffle at Site 15.

Hiodontidae (Mooneyes)
Hiodon alosoides (Rafinesque). Goldeye. Total, 3. Sites 7,10.

Polyodontidae (Paddlefishes)

Hiodon tergisus Lesueur. Mooneye. Total, 3. Sites 7,11.

Polyodon spathula (Walbaum). Paddlefish. Total, 4. Sites 4,7,8,9. A
single paddlefish was collected from each of the four sites by gillnet.

Catostomidae (Suckers)
Amiidae (Bowfins)
Amiacalva Linnaeus. Bowfin. Total, 15. Sites 2,3,6,14. Most common
in Saline River and at Little Missouri River site near Murfreesboro.
Lepisosteidae

(Gars)

Lepisosteus oculatus (Winchell). Spotted gar. Total, 40. Sites 2,3,5,6,
8,9,10,12,13,17. Widespread throughout the drainage but most abun-

dant in lowland Sites 2 and 3.

Hypentelium nigricans (Lesueur). Northern hog sucker. Total, 29. Sites
6,9,10,11,12,15,16,17. Taken at many upland sites throughout the study
area, but abundant only upstream of the lakes. Collected primarily in
riffles and swift runs with gravel substrate.

Ictiobus bubalus (Rafinesque). Smallmouth buffalo. Total, 19. Sites
2,3,4,5,7,9,10. Most common of the buffaloes. Taken only in the
Ouachita and Saline Rivers; most common in latter.

Lepisosteus osseus (Linnaeus). Longnose gar. Total, 36. Sites 1-7,
9-13,17. Several longnose gar were also observed at Site 16 but none
were captured. Widespread, but unlike spotted gar the longnose gar

Ictiobus cyprinellus (Valenciennes). Bigmouth buffalo. Total, 13. Sites
2,3,7,9. Distribution similar to that of the smallmouth buffalo.

showed

Ictiobus niger (Rafinesque). Black buffalo. Total, 1. A single adult
specimen taken from the Ouachita River near Arkadelphia. This may
represent the first valid record for this species in Arkansas.

no particular center of abundance.

Lepisosteus platostomus Rafinesque. Shortnose gar. Total, 7. Sites 2,3.
Collected only in lowlands.

Lepisosteus spatula Lacepede. Alligator gar. Total, 1. A single adult
specimen was

taken at Site 3 on the lower Ouachita River.
Anguillidae (Eels)

Anguilla rostrata (Lesueur). American eel. Total, 26. Sites 5,6,8,9,10,
12,14. American eels were commonly taken at Hill Province sites
downstream of the lakes. Most common by far at Site 14 in the Lake
Greeson tailwater.
Esocidae (Pikes)

Esox americanus vermiculatus Lesueur. Grass pickerel. Total, 1. Site
4- Taken only once in a backwater seine haul.

Zsox

niger Lesueur. Chain pickerel. Total, 9. Sites 2,3,8,10,14,17.

Widespread, but Site 8 the only area yielding more than one specimen.

Several

A

Carpiodes carpio (Rafinesque). River carpsucker. Total, 3. Sites 2,5,10.
Taken only in the Ouachita River downstream of Remmel Dam.

individuals close to 0.5 kg in weight.

Minytrema melanops (Rafinesque). Spotted sucker. Total, 27. Sites
2,3,6,8,10,14,15,16,17. Captured sporadically throughout the entire
drainage; abundant only at Site 10.

Moxostoma carinatum (Cope). River redhorse. Total, 51. Sites
6-14,16,17. Common in Ouachita and Caddo rivers from Site 6
upstream; much less numerous in Little Missouri River. Taken almost
exclusively from swift riffles and runs with gravel, rock, or bedrock
substrates. Previous work has indicated that this species was rare.
Buchanan (1973) noted only two collection sites in the drainage, and
Frietsche (1982) collected only one individual in several hours of electroshocking on the Little Missouri River. This species' apparent rarity
may partly be due to the difficulty in sampling its preferred habitat.
Moxostoma duquesnei Lesueur. Black redhorse. Total, 47. Sites 7,8,
9,11,14,16,17. This upland species was rare downstream of the lakes
but abundant in the Caddo and Ouachita Rivers above the lakes. Not
taken in the Little Missouri River upstream of Lake Greeson. Black
redhorse habitat distribution paralleled that of the river redhorse, with
this species being common only in swift riffles and runs with coarse
substrates.
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Moxostoma erythrurum (Rafinesque). Golden redhorse. Total, 203. Sites
5-17. The most abundant sucker, the golden redhorse was collected at
all Hilland Mountain Province sites. Common in all areas, but most
abundant in Caddo River upstream of DeGray Lake. Habitat distribution complementary to that of black and river redhorses, being most
common in sluggish pools and slow runs.
Moxostoma poecilurum (Jordan). Blacktail redhorse. Total, 16. Sites
5,6,7,8,11,12,14,16. Sporadic throughout uplands; only taken above
the lakes in the Caddo River. Habitat appears to be deeper, slower pools
and runs.

Notropis venustus venustus (Girard). Western blacktail shiner. Total,

680. Sites 1-7,9,11,12,13. Most common lowland minnow, the blacktail
shiner also ranged well into the HillProvince where it was occasionally abundant. Not taken above the lakes.

Notropis whipplei (Girard). Steelcolor shiner. Total, 289. Sites
3-13,16,17. Occurs widely throughout Hilland Mountain Provinces,
often abundant. Inhabits flowing pools and runs over a variety of
substrates.

Pimephales notatus (Rafinesque). Bluntnose minnow. Total, 83. Sites

5,6,11,13,14,15,16. Common only at Sites 14 and 15, in the Little
Missouri River. Taken from gravel riffles and the pools below the riffles.

Cyprinidae (Minnows and Carps)
Campostoma anomalum pullum Agassiz. Central stoneroller. Total,
172. Sites 9,10,12-17. Common in riffles throughout upper one-half
of system; most abundant upstream of Lakes Ouachita and Greeson.

.

Pimephales tenellus (Girard). Slim minnow. Total, 1 A single specimen
of this rare cyprinid was taken from a riffle at Site 17.
Pimephales vigilax (Baird and Girard). Bullhead minnow. Total, 16.

Sites 1,2,11,13. Uncommon.

Cyprinus carpio Linnaeus. Common carp. Total, 76. Sites 2,3,5-13.

Common inhabitant of rivers downstream of the lakes. Most abundant
at Sites 2, 7, and 10. Found in many habitats, but most common in
pools and slow runs around logs and brush.

Hybognathus nuchalis Agassiz. Mississippi silvery minnow. Total, 100.
Sites 1-4. Common species of lowlands; collected along sand bars over
substrates of silt and mud.
Hybopsis x-punctata Hubbs and Crowe. Gravel chub. Total, 14. Sites
5,6,8,9,10,16,17. Rare inhabitant of uplands; found in deep, swift riffles and runs with coarse substrates. May be more abundant than collecting indicates due to difficulty in sampling its preferred habitat.
Notemigonus crysoleucas (Mitchell). Golden shiner. Total, 2. Sites 1,11.
Notropis atherinoides Rafinesque. Emerald shiner. Total, 82. Sites 1-6,

9,11,12,13. Common species oflowland sites; sporadically collected at
upstream sites but not taken above the lakes.

numerous more

Notropis boops Gilbert. Bigeye shiner. Total, 1232. Sites 3-17. Most

abundant cyprinid, and one of most ubiquitous species in upland parts
of system. Taken mostly from pools and runs having moderate current; however, at Site 15 the greatest numbers were collected from swift,
shallow riffles.

isolepis Hubbs and Brown. Striped shiner.
Total, 57. Sites 4,8,1 1-16. Rare at Ouachita and Caddo River sites; more
common in Little Missouri River drainage, including the Antoine River,
where it was most abundant. Taken from pools withmoderate current.

Notropis chrysocephalus

Notropis emiliae (Hay). Pugnose minnow. Total, 6. Sites 1,11. Taken
by seine from backwater habitats.

fumeus Everman. Ribbon shiner. Total, 374. Sites 1,2,3.
Lowland species, most abundant at Sites 2, Saline River.

Notropis

Notropis rubellus (Agassiz). Rosyface shiner. Total, 54. Site 17. Common inhabitant of deeper riffles, and pools below riffles, over gravel
substrates. Ouachita River fish represent disjunct, southern population
of this northern species (Gilbert and Burgess, 1980). This population
has black peritoneum in contrast to others, in which the peritoneum

Ictaluridae (Freshwater catfishes)
Ictalurus natalis (Lesueur). Yellow bullhead. Total, 3. Sites 4,16. Rare.
The two fish at Site 16 were collected from beneath a log embedded
in the gravel of a swift riffle.
Ictalurus punctatus (Rafinesque). Channel catfish. Total, 88. Sites 2,4-9,
11-14,16,17. Collected throughout the drainage. Most common in
Ouachita and Caddo Rivers at Sites 5, 8, and 17; rare in Little Missouri
River.
Noturus nocturnus Jordan and Gilbert. Freckled madtom. Total, 57.
Sites 15,16,17. Collected only upstream of the lakes; most individuals
from upper Ouachita River, where this species was common in shallow,
gravel-bottomed riffles.
Noturus taylori Douglas. Caddo madtom. Total, 1. A single juvenile
of this species was collected from a riffle at Site 16.

Pylodictis olivaris (Rafinesque). Flathead catfish. Total, 21. Sites
2,3,4,10,12,13,15,17. Collected sporadically throughout the system, this
large, predatory catfish was common only at Site 17, in the Ouachita
River upstream of Lake Ouachita. Reproduction was evident here, as
a number of juveniles were collected.

Cyprinodontidae (Killifishes)

Fundulus catenatus (Storer). Northern studfish. Total, 31. Sites
7,15,16,17. The northern studfish was common only at Site 16, in the
Caddo River above DeGray Lake, where it was taken primarily from
slow runs and pools.
Fundulus olivaceus (Storer). Blackspotted topminnow. Total, 102. Sites
1-6,9,11,13,14,16,17. Widespread throughout the study area, this species
was abundant only in the Saline River, Site 2. Although the sibling
species F. notatus was expected, it was not collected during the study

is silver with black speckles.
Notropis texanus (Girard). Weed shiner. Total, 146. Sites 1,2,3. Common lowland species.

Notropis umbratilis cyanocephalus (Girard). Redfin shiner. Total, 78.
Sites 5,11-17. Upland species; below the lakes only at Little Missouri
River drainage sites. Pool inhabitant.

Poeciliidae (Mosquitofishes)
Gambusia a/finis (Baird and Girard). Mosquitofish. Total, 39. Sites
2,4,10,11,12,13. The mosquitofish was collected in the Lowland and
HillProvinces but not above the lakes in the Mountain Province. It
was taken only in sluggish habitats, as is characteristic of this species.
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Percidae (True Perches)

Atherinidae (Silversides)
sicculus (Cope). Brook silverside. Total, 1873. Sites 1-13,
15-17. The brook silverside was collected throughout the system with
the exception ofSite 14. This species was most abundant at the lowland
sites, particularly site 2 in the lower Saline River, and at Site 8, the Caddo
River downstream of DeGray Lake.

labidesthes

(Cope). Inland silverside. Total, 2. This large river
species was collected only at Site 4.

Menidia beryllina

Ammocrypta vivax Hay. Scaly sand darter. Total, 14. Sites 1,3,4,5.
Taken over sand and sand-silt substrates.

Etheostoma blennioides newmanii (Agassiz). Greenside darter. Total,
54. Sites 8,13-17. Generally common only above the lakes; found in
swift riffles with rock and gravel substrate, and often with some
vegetation.

Etheostoma chlorosomum (Hay). Bluntnose darter. Total, 1. Site 5.
Taken from a bankside pool.

Centrarchidae (Sunfishes)

Ambloplites ariommus Viosca. Shadow bass. Total, 13. Sites
6,7,8,11,16,17. Sporadically collected at a number of upland sites; most
common at Site 8. Although this species was not collected by us at Site

12, its presence was confirmed by examination of the stomach contents
of a large flathead catfish, which had consumed two adult shadow bass.
This species was usually encountered next to logs or large rocks in
bankside pools with some current.

lepomis cyanellus Rafinesque. Green sunfish. Total, 22. Sites 11,14,
15,16,17. Most abundant at sites above the lakes.

Lepomis gulosus (Cuvier). Warmouth. Total, 2. Sites 2,3. Rare, taken
only from backwaters.

Lepomis macrochirus Rafinesque. Bluegill. Total, 165. Sites 1-14,16,17.
This ubiquitous species was collected at all but a single site. It was most
numerous at the lowland Sites 1-3 and at sites just downstream of two
of the lakes (Sites 8, 14).

Lepomis megalotis Rafinesque. Longear sunfish. Total, 439. Sites 1-17.
L. megalotis was the most common centrarchid collected. Generally

more abundant in the Hilland Mountain Provinces than in the lowlands;

especially numerous in the Caddo River below DeGray Lake and at
all sites above the lakes.
sunfish. Total, 19. Sites
1,2,3,10,16. Sporadically collected throughout the drainage, common
only in the lower Saline River site.

Lepomis microlophus (Gunther). Redear

Lepomis punctatus (Valenciennes).

Spotted sunfish. Total, 7. Sites
2,7,10. Most taken in weedy backwater at Site 10.

Mkropterus dolomieui Lacepede. Smallmouth bass. Total, 19. Sites
13,15,16,17. Collected only above the lakes in the Mountain Province,
and in the Antoine River. A supplementary seine collection made
upstream of Site 10 produced a single juvenile.

Micropterus punctulatus (Rafinesque). Spotted bass. Total, 65. Sites
1,3-9,11,12,13,15,16,17. Most abundant of the basses, this species was
ubiquitous within the system and was collected at most sites. Not taken
in the Saline River or immediately downstream of Lakes Catherine or

Greeson

(Sites 10, 14).

=

-0.55, n

=

17, p

< .01).

Pomoxis

annularis Rafinesque. White crappie. Total, 20. Sites 1,2,3,
4>7,8, 10,1 1,13,14,17. Widespread, but rare upstream of Site 3.

fomoxis

nigromaculatus Lesueur. Black crappie. Total, 25. Sites
to that of the

''2,3,4,5,7,14,16,17. Distribution and abundance similar
white crappie.

Etheostoma histrio Jordan and Gilbert. Harlequin darter. Total, 2. Sites
6,14. Taken from swift riffles with rock substrate.
Etheostoma radiosum (Hubbs and Black). Orangebelly darter. Total,
137. Sites 8,9,10,13-17. Most abundant darter, widespread in upper Hill
Province and in Mountain Province. Common below the lakes only
at Sites 8 and 14; most abundant above the lakes in the Ouachita and
Little Missouri Rivers. Collected primarily from swift riffles having
coarse gravel substrates.
Etheostoma stigmaeum (Jordan). Speckled darter. Total, 2. Sites 5,6.
Seined from pools with sandy bottoms, slow current.
Etheostoma zonale zonale (Cope). Banded darter. Total, 53. Sites
6,8,11,15,16,17. This inhabitant ofswift riffles was common only above
the lakes and at the site just downstream of DeGray Lake on the
Caddo River.
Percina caprodes (Rafinesque). Logperch. Total, 16. Sites 3,11,15,16,17.
Common only above the lakes, where the logperch was collected from
a variety of aquatic habitats, including riffles, swift runs, pools, and
backwaters. One hybrid, identified as P. caprodes X P. maculata by
L. M. Page of the Illinois Natural History Survey, was collected at Site
15.
Percina copelandi (Jordan). Channel darter. Total, 9. Sites 5,6,8,9,17.
Not common at any site. Taken from deep, swift riffles and runs. A
supplementary night seine collection made at Site 7 yielded a number
of channel darters in shallow gravel riffles.
Percina nasuta (Bailey). Longnose darter. Total, 1. Site 15. A single
adult specimen was taken from a swift riffle. Bruce Thompson (personal communication) has indicated that the form found in the Ouachita
River is an undescribed species.
(Mitchill). Walleye. Total, 1. Site 7. One adult
collected at this site near Arkadelphia on the Ouachita River.

Stizostedion vitreum

Percichthyidae (Temperate Basses)

Micropterus salmoides (Lacepede). Largemouth bass. Total, 53. Sites
1-16. Widespread throughout the drainage; most abundant at lowland
sites, and at Sites 8 and 14 downstream of DeGray and Narrows Dams,
respectively. Though commonly syntopic with spotted bass, the abundances of these species exhibited a highly significant negative correla-

tion (r

Etheostoma collettei Birdsong and Knapp. Creole darter. Total, 1. Site
10. Collected from a riffle.

Morone chrysops (Rafinesque). White bass. Total, 1. Site 16.
Morone saxatilis (Walbaum). Striped bass. Total, 1. Site 15. This fish
undoubtedly strayed from Lake Greeson, although a number of very
shallow riffles and runs must be negotiated to reach the sampling area.

Sciaenidae (Drums)
Aplodinotus grunniens Rafinesque. Freshwater drum. Total, 28. Sites
1,2,3,5-12. The freshwater drum, although nowhere abundant, was encountered at most sites downstream of the lakes.

Published by Arkansas Academy ofArkansas
Science, 1985Academy of Science Proceedings, Vol. XXXIX,1985
I

23

25

Journal of the Arkansas Academy of Science, Vol. 39 [1985], Art. 1

¦

Report on Fish Collections From the Ouachita River Basin, Arkansas

ACKNOWLEDGMENTS
Iwould like to thank Dr. Lawrence M. Page of the
Illinois Natural History Survey for verifying the identities
of darters collected, and Dr. Neil H. Douglas of Northeastern Louisiana University and Dr. Thomas M.
Buchanan of Westark Community College for confirming many of the minnow and sucker identities. Drs.
Douglas and Buchanan also provided critical reviews of
the paper and offered many helpful comments. The comments of an anonymous reviewer made the paper both
shorter and more easily readable. The Vicksburg District
of the U.S. Army Crops of Engineers is gratefully
acknowledged for permission to publish this data.

MOEN, T. E., and M. R. DEWEY. 1978. Loss of larval fish by
epilimnial discharge from DeGray Lake, Arkansas. Proc. Ark.
Acad. Sci. 32:65-67.
MYERS, J. W. 1977. Fishes of the Little Missouri River, southwest
Arkansas. Unpubl. M.S. Thesis. Northeast Louisiana Univ.,
Monroe. 36 pp.
PONDER, M. D. 1983. Ataxonomic survey of the fishes ofTerre Noire
Creek in south central Arkansas. Unpubl. M.S. Thesis. Northeast
Louisiana Univ., Monroe. 103 pp.
RAYMOND, L. R. 1975. Fishes of the hill province section of the
Ouachita River, from Remmel Dam to the Arkansas-Louisiana line.
Unpubl. M.S. Thesis. Northeast Louisiana Univ., Monroe. 38 pp.
REYNOLDS, J. T. 1971. Fishes of the Saline River, south central
Arkansas. Unpubl. M.S. Thesis. Northeast Louisiana Univ.,
Monroe, 36 pp.

LITERATURE CITED
ARKANSAS GAME AND FISH COMMISSION. 1954. Population
Studies, Little Missouri River. Work Plan 2, Job 2-B. Little Rock.
BUCHANAN, T. M.1973. Key to the fishes of Arkansas. Arkansas
Game and Fish Commission, Little Rock. 168 pp.
DEWEY, M. R., and T. E. MOEN. 1978. Fishes of the Caddo River,
Arkansas after impoundment of DeGray Lake. Proc. Ark. Acad.
Sci. 32:39-42.
FRIETSCHE, R. A. 1982. The warmwater fish community of a cool
tailwater in Arkansas. Proc. Ark. Acad. Sci. 36:28-30.
FRUGE, D. W. 1971. Fishes of the Caddo River, west-central
Arkansas. Unpubl. M.S. Thesis. Northeast Louisiana Univ.,
Monroe. 24 pp.
GILBERT, C. R., and G. H. BURGESS. 1980. Notropis rubellus
(Agassiz), rosyface shiner. P. 302 in, Atlas of North American
Fishes (D. S. Lee et al., eds.), Publ. 1980-12, N. C. State Mus.
Nat. Hist., Raleigh, N. C.
HARRIS, J. L., and N. H. DOUGLAS. 1978. Fishes of the mountain
province section of the Ouachita River. Proc. Ark. Acad. Sci.
32:55-59.
LOE, R. A. 1983. A subsequent study of the Little Missouri River,
west central Arkansas. Unpubl. M.S. Thesis. Northeast Louisiana
Univ., Monroe. 139 pp.

https://scholarworks.uark.edu/jaas/vol39/iss1/1
24

ROBINS, C. R., R. M.BAILEY,C. E. BOND, J. R. BROOKER, E.
A. LACHNER, R. N. LEA, and W. B. SCOTT. 1980. A list of
common and scientific names of fishes from the United States and
Canada. Amer. Fish. Soc. Spec. Publ. No. 12, 174 pp.
ROBISON, H. W., E. LAIRD, and D. KOYM. 1983. Fishes of the
Antoine River, Little Missouri River system, southwestern Arkansas. Proc. Ark. Acad. Sci. 37:74-77.
ROBISON, H. W., and S. A. WINTERS. 1978. The fishes of Moro
Creek, a lower Ouachita River tributary in southern Arkansas.
Proc. Ark. Acad. Sci. 32:71-74.
STACKHOUS, R. A. 1982. A subsequent study of the fishes of the
Saline River, south central Arkansas. Unpubl. M.S. Thesis. Northeast Louisiana Univ., Monroe. 142 pp.
U.S. ARMY CORPS OF ENGINEERS. 1971. Final environmental
statement:
Gillham Lake, Cossatot River, Arkansas. U.S.
Army Engineer District, Tulsa, Okla. 201 pp.
U.S. ARMY CORPS OF ENGINEERS. 1979. Ouachita River basin
reconnaissance report. U.S. Army Engineer District, Vicksburg,
Miss.
WALBURG, C. H., J. F. NOVOTNY, K. E. JACOBS, and W. D.
SWINK. 1983. Effects of reservoir releases on water quality,
macroinvertebrates, and fish in tailwaters: field study results.
Tech. Rpt. E-83-6, U.S. Army Waterways Experiment Station,
Vicksburg, Miss.

26

,

Journal of the Arkansas Academy of Science, Vol. 39 [1985], Art. 1

I
POPULATION TRENDS OF THE LOGGERHEAD
SHRIKE (LANIUS LUDOVICIANUS) IN ARKANSAS
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INTRODUCTION
The Loggerhead Shrike (Lanius ludovicianus) is an open-country bird
that ranges from southern Canada to central Mexico and from the Atlantic to the Pacific. The National Audubon Society (1971) listed a group
of bird species that were thought to be declining in numbers either
regionally or throughout their ranges. The Loggerhead Shrike was included on this "Blue List" and has remained there to date. Arbib (1977)
noted that the Loggerhead Shrike was possibly the most critically declining species on the Blue List and that it had declined slowly and steadily
for many years dropping from common to uncommon over much of
its range. Reasons for this decline are not known, but habitat alteration and egg-shell thinning due to pesticide residues have been suggested
(Kridelbaugh 1981).
Population declines in Loggerhead Shrikes have been noted in Arkansas by Shepherd (1983), in Wisconsin by Erdman (1970), in Illinois by
Graber et al. (1973), in Missouri by Kridelbaugh (1981), in the northeast
U.S. by Milburn (1981), and in the southern Great Plains and southeast
U.S. regions by Morrison (1981). Both Kridelbaugh (1981) and Milburn
(1981) used Christmas Bird Count (CBC) data to determine winter
population trends and Breeding Bird Survey (BBS) data for the breeding
season. Morrison (1981) considered population trends of the species
only in the winter, using CBC results; and he grouped information from
individual counts and states into regions. Thus no studies have been
conducted on population trends of breeding Loggerhead Shrikes in the
south-central or southeast U.S. and information that is available on
winter trends is lumped in broad regional categories. The purpose of
this study was to look at population trends of the Loggerhead Shrike
in Arkansas during the breeding and winter seasons.

Table 1. Summary of Breeding Bird Survey Results (1967-1983) for three
physiographic regions in Arkansas and for the state as a whole. (N =
number of years routes were run, X = mean number ofshrikes reported
per route over all years).
Spearman's
Region

West Gulf
Coastal
Plain

(8 routes)

Data concerning numbers of Loggerhead Shrikes reported on Breeding

(km) (25 mi)long and observers stop at 0.81 km (0.5 mi) intervals and
count all birds seen and heard in a 0.4 km (0.25 mi) radius. Three minutes
(min) are spent censusing birds at each stop. Surveys are conducted in
June. Each survey begins 30 min before sunrise and must be completed
before 1030 hrs. A detailed description ofmethods for conducting BBS
routes can be found in Robbins and Van Velzen (1967, 1969).
Of 29 BBS routes in the state, 26 were chosen for study (Figure 1,
Table 1) and three were eliminated because four, or more, years ofdata
w ere missing. Mean values for number of shrikes per route were
calculated for the state (26 routes) and for three physiographic regions
of the state (Figure 1): the West Gulf Coastal Plain (8 routes), Delta
(8 routes), and Interior Highlands (10 routes). These values were plotted against years also (Figure 2). Spearman's Rank Correlation (Siegel

i

t*

N

X

S

Range

rho

07
12

17
17
17
17
16
16
16

13

16

2.47
1.59
2.59
3.12
2.06
4.19
2.31
0.88

0-3

-.5771*
-.5420*
-.4948*
-.4977*
-.4752*
-.7492**
-.5891*
-.5891*
.1564

16.5

2.40

2.32

0-13

-.8061**

17
15
16
17
14
17
17
17

3.71
0.47
1.38
0.53
1.29
2.12
1.29
3.82

4.04
1.06
1.86
1.12

-.7114**

2.27

0-13
0-3
0-5
0-4
0-5
0-6
0-8
0-9

16.2

1.82

2.27

0-13

-.2868

14
17
14
17
16
17
17
14
17
15

2.21
1.76
1.79
0.41
5.13
1.35
0.53
1.00
0.71
2.80

2.04
2.14
2.14
0.62
4.66
1.37
0.80
0.96
1.10
1.70

0-8

0-7
0-4
0-2
0-18
0-4
0-2
0-2
0-4
0-6

-.2178
-.5878**
.1605
-.4347*
-.5598*
.1803
.1646
.0191
-.1937
-.0000

15.8

1.77

1.66

0-18

-.5055*

16.2

1.98

1.96

0-18

-.8387**

01
03
04
05
06

Regional Values

3.10
1.77
1.94
3.37
1.95
3.12
2.18
1.15

0-10
0-6
0-8
0-11
0-7

0-13
0-7

Delta
(8 routes)

02
08
09
10
16
17
18
25

Regional Values

Interior

Highlands
(10 routes)

METHODS

Bird Surveys (BBS) in Arkansas 1967-83 were obtained from the U.S.
Fish and Wildlife Service. Locations of BBS routes in the state were
chosen randomly (D. James, pers. comm.). Each route is 40.3 kilometers

Route

11
14
19
20
21
22
24
27
28
29

Regional Values

Statewide

(26 routes)

1.68

1.80
1.96

.0256

.3533
-.0527
.7088**
.2843
-.0671

.0672

Significant at .05 level
Significant at .01 level

1956) was used to measure the association between numbers of shrikes
reported on BBS routes and years.

Data concerning population trends of Loggerhead Shrikes in the
winter were obtained from CBC results, 1950-81 (American Birds vols.
5-36). These surveys were conducted in 24-h periods during the latter
half of December and early January. Permanent CBC boundaries were
established by drawing a circle with a radius of 12.1 km (7.5 mi) around
a central point, and observers count all birds seen or heard within those
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Figure 1. Locations of Breeding Bird Survey routes (circles), Christmas
Bird Counts (triangles), and physiographic regions (A- Interior

Highlands, B- West Gulf Coastal Plain, C- Delta) in Arkansas. Numbers
in circles correspond to Breeding Bird Surveys listed in Table 1.
boundaries. Locations of CBC circles, survey dates, and number of
observers per count are determined by local participants. CBC data used
in this study will not be subjected to statistical analyses but will be
used to demonstrate general trends in Loggerhead Shrike populations
during the CBC period.
Twelve (12) Christmas Bird Counts were chosen for use in this study
(Figure 1). These counts have been conducted with consistency and have
14 or more years of data. The following is a list of CBC's included
in this study and the number of years each was conducted: Arkadelphia,
Clark Co. (14); Conway, Faulkner Co. (14); El Dorado, Union Co.
(29); Fayetteville, Washington Co. (20); Fort Smith, Sebastian Co. (29);
Jonesboro, Craighead Co. (15); Little Rock, Pulaski Co. (28); Lonoke,
Lonoke Co. (31); Magnolia, Columbia Co. (17); Pine Bluff, Jefferson
Co. (17); Texarkana, Miller Co. (32); White River National Wildlife
Refuge, Arkansas Co. (27).
Since numbers of observers, parties, and miles driven within boundaries ofCBC's vary, numbers ofshrikes reported on each count were
normalized by using the following formulas: (1) number of shrikes /
number of parties and (2) number of shrikes / number ofmiles driven
X 100. This provides us with an estimate of the number of shrikes per
census party and the number of shrikes per 161 km (100 mi) driven.
Our assumptions are (1) as the number of census parties increases,
numbers of shrikes observed willincrease up to a point where more
parties do not provide better coverage ofshrike habitat, and (2) as the
number ofmiles driven increases, numbers of shrikes willincrease up
to a point where additional driving does not provide better coverage
of shrike habitat. Mean values (all 12 CBC's) for number of shrikes
per count, parties per count, miles driven per count, shrikes per party,
and shrikes per 100 miles driven were calculated for all CBC's conducted
in each year. These values were plotted against years, 1950-81 (Figures
3,4).

RESULTS
BREEDING SEASON
Numbers of Loggerhead Shrikes in Arkansas appear to have declined significantly (P < .01; Table 1, Figure 2A) during the period
1967-83. Mean values decreased from 3.92 shrikes per BBS route in

Figure 2. Mean numbers of Loggerhead Shrikes reported on Breeding!
Bird Survey routes in Arkansas, 1967-1983. (A) Statewide, (B) Wesil
Gulf Coastal Plain, (C) Interior Highlands, (D) Delta
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K1967 to 1.66 shrikes per route in 1983. Results suggest that numbers
of shr^es seen along routes in both the West Gulf Coastal Plain and
Highland regions have declined significantly (P 5 .01 and P
Interior
< .05 respectively; Figure 2B,C) while routes in the Delta have not
Is hown this trend (Figure 2D). Mean values of shrikes per route in the
west Gulf Coastal Plain decreased from 7.0 in 1967 to 1.57 in 1983
and mean values of shrikes per route in the Interior Highlands decreased
from 4.0 in 1968 to 1.33 in 1983. A relatively steady decline in shrikes
was noted across years in the West Gulf Coastal Plain (Figure 2B) while
numbers per route in the Interior Highlands decreased rapidly during
I 1967-70 (Figure 2C) and then leveled offfor the remainder of the study
Plain showed signifiperiod. Seven BBS routes in the West Gulf Coastal
numbers (P < .05, N =8) while only
cant downward trends< in shrike
=
one in the Delta (P .01, N 8) and three in the Interior Highlands
region (P <. .05, N= 10) showed similar trends. Route 16 in the Delta
region was the only BBS route that showed a significant increase in shrike
numbers (P < .01).

I
I
I
I
I
I
I
I
-I
I
I
1
Jb
4

-

IWINTER
Mean numbers of shrikes observed on CBC's in Arkansas 1950-81

Ican be seen in Figure 3A. A sharp increase in numbers of shrikes per
count is seen for the period 1950-66. Numbers of shrikes declined
I
Iduring 1966-81 Mean numbers of parties per count and miles driven
I
per count (Figure 3B,C) increased from 1950-64 and leveled offduring
Ithe next 17 years. A marked increase in observers in the field and the

.

I
greater use of vehicles for transportation on counts may account for
I
some of the increase in shrike numbers reported during the period
I
1950-64. Numbers of shrikes per count (Figure 3A) dropped during

I1966-81

I
per

despite relative stability in numbers of parties and miles driven
period.

count during that

Mean values for numbers of shrikes per

party

and shrikes per 100

I
miles driven on CBC's were plotted against years (Figure 4A,B). Results
I
suggest that numbers of shrikes wintering in Arkansas have declined

.

Iduring 1950-81 However, the methodology associated with CBC's does
I not provide data as accurate as that derived from BBS surveys and these
"I results should be viewed cautiously. Of the 12 individual CBC's

)|

analyzed, only Fayetteville and White River National Wildlife Refuge

I
showed marked decreases in shrikes over time. Population levels in each
I
of the other 10 counts were either stable or their trends could not be

Idetected.

DISCUSSION
A significant decline in shrike numbers during the breeding season
has occurred between 1967-83. Results indicate that this statewide decline
was most highly influenced by data collected along BBS routes located
in the West Gulf Coastal Plain region where seven of eight routes showed
significant declines in shrike numbers. The Interior Highlands region
also showed a significant decline. Only three of 10 routes declined
significantly in this region and declines were only seen during the period
1967-70. Shrike numbers reported during the remaining 13 years were
relatively stable.
Loggerhead Shrikes require open areas "with short and/or patchy
grasses for foraging and scattered trees or hedgerows for nest substrates
near suitable foraging areas (Miller 1931, Bent 1950). Grazing by farm
animals and some agricultural practices, such as harvesting hay from
fields, help maintain suitable habitat for Loggerhead Shrikes by keeping grasses short (Kridelbaugh 1981). Tall, dense grasses seem to preclude
use of these areas by shrikes. Historically, most of the southeast U.S.
; was unsuitable for use by shrikes because it was densely forested.
Patchy habitat occurred along the Gulf and Atlantic coasts and in
isolated prairie regions in the southeast, and these areas were likely
used by Loggerhead Shrikes (Palmer 1898, Milburn 1981). Shrike habitat
w as created as forest land was cleared for homesites and agricultural
Purposes (Butler 1898, Palmer 1898, Mousley 1918).
Ifshrikes have shown an affinity for farmland in the past, which
w e think they have, then a decline in numbers of farms, farm acreage,

I

Figure 3. Mean numbers of shrikes (A), parties (B), and miles driven
(C) on Christmas Bird Counts in Arkansas, 1950-1981.
and/or changes in land use on farms could account for declines in shrike
populations. There were approximately 221,991 farms in Arkansas in
1925 and they averaged 28.5 ha (70.4 acres) in size (Agricultural
Census, U.S.D.A. 1925, 1935, 1945, 1950, 1954, 1959, 1964, 1969, 1974,
1978, 1982). By 1982, only 50,525 farms were reported but average farm
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EFFECTS OF LITTER ON AQUATIC MACROPHYTE
GERMINATION AND GROWTH
MARK F. CARTER, FORREST E. LANE
and JAMES B. GRACE
Department of Botany and Microbiology
University of Arkansas
Fayetteville, AR 72701
ABSTRACT
In Arkansas, during seasonal drought periods, lake water levels drop leaving exposed mudflats which

are primary sites for seedling establishment. Commonly, these exposed mudflats are partially covered
with decomposing litter from previous stands of aquatic plants. In this study, aqueous leachates from
the litter of four macrophytes, Eleocharis quadrangulata, Justicia americana, Polygonum
lapathifolium, and Potamogeton nodosus, were used to test for chemical interference with germination and seedling growth. Only Justicia americana leachate was found to affect the growth of several
of the test species. The potential for chemical interference by Justicia litter was evaluated further using
extracts of acidified leachate. Resulting bioassays demonstrated significant effects on growth but not
on seed germination. Bioassays of chromatographically separated fractions again revealed significant effects on seedling growth. These results suggest that interference by Justicia americana leachate on
growth of seedlings is in part allelochemic.

INTRODUCTION
A central problem in plant ecology is determining how individuals
interfere with each other's growth and reproduction (Barbour et al.,
1980; Harper, 1978; Rice, 1974, 1979). There are various means by which
interference may be mediated including the deposition of plant litter.
The physical and chemical conditions associated withlitter deposition,
movement, and decomposition on saturated and/or submersed
substrates are substantially different from those on terrestrial substrates
(Ponnamperuna, 1972). In wetland habitats, the typically high rates
of productivity (and litter production) combine with slow and incomplete
decomposition to produce conditions conducive to both mechanical and
chemical effects by litter on plant growth. A few studies have shown
a potential for chemical interference by litter of certain aquatic and
wetland macrophyte species (Bonasera et al., 1979; Szczepanska, 1977;
Barko and Smart, 1983). These studies have shown that the litter from
different plant parts can have different effects and that receiver species
can differ in their responses to litter leachates. The objectives of the
present study were: (1) to determine the potential for chemical interference on germination and growth by litter among four species of
semi-aquatic plants common in northwest Arkansas, and (2) to
characterize the chemical fractions of litter that could be responsible
for any observed effects from the litter. The semi-aquatic species examined were Eleocharis quadrangulata (Michx.) R. & S., Justicia
americana (L.) Vahl, Polygonum lapathifolium L., and Potamogeton
nodosus Poir.
METHODS
General Bioassay of Plant Litter

The chemical effect of litter on growth

was evaluated by applying
from dried aboveground material to plants growing in plastic
Pots. Leachate was obtained from livingplants harvested in July 1982
from lakes Fayetteville and Elmdale in Washington County, Arkansas. Collected material was dired at 90° C for 48 hrs, cut into 5 cm
Se gments, and leached in tubs containing tap water. The control treatment was a tub of tap water without the addition of plant material.
The amount of dried material used in the tubs was based on preliminary
studies to determine the mean dry weight / unit area of wetland surface for each of the four species. The ratios then were used to determine the amount of litter needed to provide leachate for pots used in

'eachate

each treatment. The concentration of litter used in each greenhouse tub
was as follows: E. quadrangulata, 14.50; J. americana, 18.99; P.
lapathifolium, 21.73; and P. nodosus, 4.65 gms/liter.
The total volume of litter and water in each tub was maintained at
14 liters. The leachate, remove daily to water recipient plants, was filtered
through a nylon mesh to exclude coarse paniculate material. Plants of
the four species were established from rhizome segments, stolons, or
stem fragments in six-inch plastic pots lined with plastic bags and
filled with greenhouse soil (Vi sand: Vi peat moss: Vi top soil). Propagules were selected to be of uniform size and grown in greenhouse
conditions for several weeks before treatments were begun. Leachate
from the four test species was used to water six plants of that species
and six plants ofeach of the other three species. For controls, six plants
ofeach species were watered with tap water from the control tub. Positions of pots on the greenhouse bench and treatments assigned were
random.
Treated and control plants were harvested when weekly measurements
of the control plant height growth began to level. Harvested plants were
divided into roots and shoots and dried for 48 hours at 90° C. Any
treatments showing significant differences from the controls were
repeated with more replication and the ash-free weight was determined by drying plants for 48 hours at 90° C and then ashing them
at 550° C for 24 hours.
Effects of JUSTICIA Leachate on Germination and Growth
Leachate was obtained from Justicia americana by soaking 6.65 grams
of dried plant material in 280 ml of distilled water for 48 hours. This
quantity of material was equivalent to the quantity of material used
in the first set of experiments on a per pot basis. Leachate was suction
filtered through Whatman #1 filter paper and diluted to 1.66, 3.31, 6.62,
13.53, and 27.66 gm/1 with osmotic potentials of -0.23, -0.31, -0.42,
- 0.58, - 0.%, and -1.70 bars respectively. The pH of the leachate dilutions was not significantly different. Four milliliters of each dilution
was added to petri plates which contained 50 seeds ofeither Polygonum
lapathifolium, Plantago psyllium, or Typha latifolia on filter paper.
The control treatment was 4 ml ofdistilled water added to seeds of each
species. Three replicates were used for each species-dilution combination. Polygonum lapathifolium and T. latifolia were chosen because
they are found in the same habitat as Justicia americana and because
their seeds germinate readily. Seeds of P. psyllium, a terrestrial species,
were used because of their rapid germination and because this species
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has been shown to be sensitive to allelochemics (Abdul-Wahab and Rice,
1967). Polygonum lapathifolium and P. psy Ilium seeds were germinated
in the dark but T. latifolia seeds were germinated in the light due to
a light requirement for germination. Seeds were considered to be germinated upon emergence of the radical. Growth in this and subsequent
experiments was determined by measuring the seedling length from the
tip of the radical to the tip of the shoot with a millimeter ruler.
A second experiment was conducted to compare the effects of mannitol on germination and growth with those of Justicia leachate. Mannitol was used to evaluate the osmotic effects ofleachates by growing
seeds in mannitol solutions having osmotic potentials similar to those
found in the Justicia leachate (Del Moral and Cates, 1971). The dilutions had the following molarities: 0.0, 0.01, 0.25, 0.5, 1.0, and 2.0
with osmotic potentials of -0.15, -0.31, -0.66, -1.09 -2.14, and
-4.29 bars, respectively. Since the pH of the varying dilutions was
similar, no bioassay was used to determine the effect of pH on the
growth and germination of the seedlings.

Chromatographic

Separation of Inhibitors

Leachate, obtained from the germination and growth bioassays
described above was, acidified to IN HC1, refluxed for 1.5 hours, and
extracted with 5 ml of diethyl ether per 25 ml of leachate. Each sample
was extracted sixteen times with the optical density measured at 280
nm. A regression line with a 99% significant correlation, using extract
number vs. optical density, indicated that virtually all desired material
had been removed by the time of the sixteenth extraction. The extracted
fractions then were combined and allowed to evaporate to dryness under
a hood. A 25 ml volume of95% ethanol was used to dissolve the residue
to obtain the hydrolyzed extract.
As a preliminary test of inhibition, fiftyseeds of P. psyllium were
treated with 4 ml of water which had been added to different concentrations of the hydrolyzed extract. Four milliters of water was used as
a control treatment. There were three replicates for each concentration
of extract. The number of germinated seeds was counted after 1 week
and the seedling size measured. Osmolarity of these different concentrations was determined by freezing point depression with an Advanced Wide Range Osmometer.
Once it had been established that inhibition did occur in the presence
ofdifferent extract concentrations, 200 ul of the hydrolyzed extract were
used to spot Whatman #1 chromatography paper. Material present in
this quantity of hydrolyzed leachate is approximately equivalent to a
concentration of 0.66 gm of dried leaf material per liter of the original
leachate. Three different solvent systems were used to make descending chromatograms: isopropanol:butanol:water (70:10:20 v/v, IBW);
2% acetic acid, AA;and butanohacetic acid:water (60:10:20 v/v,BAW).
Once chromatographed, the chromatogram were divided into two
groups. The first group was used in a bioassay to test for inhibition
of growth and germination. To do this, chromatograms were divided
into .1 Rf units. Each .1 Rfunit was placed in a petri plate, fiftyseeds
of either P. lapathifolium or P. psyllium were added along with 4 ml
of distilled water, and the plates were placed in the dark. At the end
of seven days, the number of seedlings was counted and the length of
each was measured. The control consisted of chromatography paper
that had been washed by one of the three solvents to which no hydrolyzed
leachate had been added; otherwise, it was treated in the same manner
as above. There were three replicates used for each of the ten 1 Rf
units and the control. The second group of chromatograms was
viewed under short- and long-wave ultraviolet light both in the presence
and absence of concentrated ammonium hydroxide. The color of the
spots under these conditions was noted and the Rf for each spot determined. There were six replicates for each solvent type. These
characteristics were compared with 15 commonly reported allelochemics.
The data in this and all the previous experiments were analyzed by
using an analysis of variance procedure to compare treatment means
with that of the control.

.

SHOOT ROOT SHOOT ROOT
POTAMOGETON POLYGONUM
Figure 1. The effect ofJusticia americana leachate on the growth of
Potamogeton nodosus and Polygonum lapathifolium. Comparison of
the mean percent ash-free mass of plants divided into root and shoot
biomass. Root growth of Potamogeton nodosus was significantly different from control growth at p = .05 level, n =20.

J
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RESULTS
»:

General Bioassay of Plant Litter
Initialbioassay results showed J. americana leachate to significantly
inhibit the root growth of P. nodosus and the shoot growth of P.
lapathifolium. Leachate from any of the other plant species did not
significantly affect the growth of any of the test plants. The second
bioassay reexamined the effects ofJ. americana leachate on the growth
of P. nodosus and P. lapathifolium using twenty replications. As shown
in Figure 1, the ash-free, dry weight of/*,nodosus roots was significantly
reduced again though shoot weight was not significantly affected. There
was no significant effect on the growth of P. lapathifolium.

|

!

Effect of JUSTICIA Leachate on Germination and Growth
Germination of P. lapathifolium, P. psyllium, and T. latifolia was

not significantly affected by Justicia leachate. Only Typha germination was significantly reduced and then only at the highest osmotic potential with 22% germination compared to a control germination of67%.

'

Seedling growth by P. psyllium, P. lapathifolium, and T. latifolia
in the Justicia leachate and in the mannitol dilutions is indicated in Figure
2. Growth is expressed as mean percent difference from mean control
growth.
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values indicate a stimulation of growth while positive values

indicate an inhibition of growth. Growth by P. psyllium was significantly
inhibited at all osmolarities (Figure 2). None of the values for P. psyllium

growth in mannitol solutions was significantly different from the control values. When the osmotic effect on growth is subtracted from the
Justicia leachate effect, there is a slight increase in inhibition by the
Justicia leachate. Inthe case ofP. lapathifolium, values for the leachate
were significantly different from the control at
0.3 1, 0.96, and 1.7
bars. Allvalues for growth in mannitol were significantly different from
that of the control. The osmotic potential of the mannitol solutions

-

-

-

inhibited growth while Justicia leachate, at similar osmotic potentials,
stimulated the growth of Polygonum. When osmotic effects were subtracted from effects of the Justicia leachate an even stronger stimulation of growth by the leachate was indicated. Growth by T. latifolia
in Justicia leachate resulted in no significant differences from the control values. Values for growth in mannitol were significantly different
from the control but only at -2.14 and -4.29 bars, far beyond the
range ofosmolarities encountered in the Justicia leachate. Subtracting
the osmotic effects from the leachate effects brought the initial growth
values even closer to control values.
Chromatographic

Separation of Inhibitors

Germination of P. lapathifolium or P. psyllium on any of the
strips was not significantly affected at any of the .1
Rfsubdivisions. Seedling growth ofP. lapathifolium was not significantly affected by the hydrolyzed leachate that had been chromatographed
in acetic acid (Figure 3). Values varied within 5% of the control mean.
P. psyllium growth on the acetic acid chromatograph was similar to
that of P. lapathifolium with no significant differences from the control mean (Figure 3). P. lapathifolium growth on the chromatogram
run in the BAW solvent was significantly affected at rfs .21-.3 and
.91-1.0. Growth at both of these rfs was inhibited by 11% and 17%
respectively. P. psyllium growth was not significantly affected, but
chromatography

OSMOTIC POTENTIAL (BARS)
2. Comparison of Plantago psyllium, Polygonum lapathifolium,
d Typha latifolia seedling growth when seedlings were germinated
Justicia americana leachate and in mannitol solutions. Growth is extssed as mean percent differences from mean control growth, *growth
Mannitol, growth in Justicia leachate, ? non-osmotic effect, difence between the osmotic curve and the leachate curve.

Eiure

•

CHROMATOGRAPHY STRIP Rf

Figure 3. Growth by Polygonum lapathifolium and Plantago psyllium
seedlings on chromatography strips divided into .1 Rf units. Growth
is expressed as mean percent difference from mean control growth.
AA = Acetic acid chromatogram; BAW =Butanol/ Acetic acid/Water
chromatogram; and IBW =Isopropanol/Butanol/Acetic acid
chromatogram; + =significantly different from control values at p =.05
level.
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growth by both P. lapathifolium and P. psyllium was affected by some
of the Rf divisions on the IBW chromatography strip (Figure 3). P.
lapathifolium growth was stimulated 17% above that of the control
at Rf .21-.3 while P. psyllium growth was significantly inhibited by 13%
at Rf .51 -.6 and stimulated by 16% at Rf .91-1.0. Fluorescence
characteristics and rf's of the hydrolyzed leachate spots chromatographed in the three solvents were not similar to any of the Fifteen known
allelochemics to which they were compared.
DISCUSSION
The effect by the J. americana litter leachate on the growth of P.
nodosus indicates that there is a potential for chemical interference by
J. americana litter on the growth of at least some plant species. Such
an effect can result from several sources: 1) it can be purely allelochemic
(Rice, 1974 and 1979); 2) it can result from some alteration ofosmotic
potential or pH (Del Moral and Cates, 1971); 3) it can result from a
stimulation of microbial growth through the release ofnutrients from
the litter (Kimber, 1973); or 4) it can be a result of some combination
of the above factors (Kimber, 1973). The observation that Justicia
leachate inhibited the root growth of P. nodosus without affecting the
shoot growth was surprising. Ifthe leachate affected nutrient availability
through the stimulation of soil microbial growth with a consequent
reduction in nutrient availability, a stimulation of root growth rather
than decreased root growth would be expected (Chapin, 1980). If
Potamogeton could absorb nutrients from the water column, it would
possibly explain reduced root growth. However, ifthis were the case
the leachate in effect would be acting as a fertilizer through the addition of nutrients, and ifthe leachate were acting as a fertilizer why was
there not an increase in shoot biomass along with the consequent
decrease in root biomass? The presence of an allelochemic, inappropriate
pH, or osmotic potential would be predicted to affect growth through
a decrease in both shoot and root growth (Alsaadawi and Rice, 1982;
Abdul-Wahab and Rice, 1967; Barko and Smart, 1983). The results
clearly do not fit any of these possibilities and no clear interpretations
can be offered at this time.
Because Justicia leachate had no effect on germination and growth
of T. latifolia, there is not evidence that the Justicia leachate represents
a source of chemical interference for this species. The effect of the
Justicia leachate on growth of the other two species does indicate a
potential source of chemical interference. In the case of Plantago
psyllium osmotic effects on growth do not appear to be involved; thus,
the effects on growth appear to be due to allelochemics (pH effects are
ruled out due to non-significant differences between the dilutions). The
case for P. lapathifolium is somewhat more complicated. Polygonum
growth in the presence of the Justicia leachate was stimulated while
mannitol at the same osmotic potential inhibited growth. We
hypothesize, therefore, the osmotic effects were acting to negate the
stimulatory effects of the leachate. That those solutions with similar
pH had significantly different growth indicates an allelochemic was present. In addition, the growth by Plantago psyllium was inhibited indilutions of the hydrolyzed extract of the leachate, strongly suggesting the
presence of an allelochemic. Inview of the fact that the osmotic potential
of these dilutions could not affect Plantago growth and the fact that
the pH of all the dilutions did not differ significantly, both osmotic
and pH effects can be dismissed as contributing to these results.
The growth results for Plantago and Polygonum seedlings during the
bioassay of the different chromatographs do not entirely substantiate the allelochemic hypothesis. For example, in the case of the acetic
acid chromatographs no significant inhibition or stimulation of growth
was found while significant affects did occur for the chromatograms
run in the other two solvents. Similar results were found by Murthy
and Nagodra (1977) who reported the inhibition ofRhizobium in only
one of the four solvent systems they used. They did not address why
this sould occur. Itis noteworthy that, for our study, the maximum
separation of compounds occurred in the acetic acid solvent. Itis possible
that the lack of significant effects on growth by the acetic acid
chromatogram is due to the separation of potentially inhibitory compounds that have acted synergistically. Synergism between allelochemics
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has been documented in a few instances (Wilson and Rice, 1968;
Rasmussen and Einhellig, 1977 and 1979). However, this synergistic
hypothesis should be viewed with caution since it is dependent upon
comparability of the migration of chemicals in the different solvents.
Without identification of the chemicals on each of the chromatographs,
an absolute comparison of the migration characteristics is impossible.
As a whole, litter from most of the plants used in this study (E.
quadrangulata, P. lapathifolium, and P. nodosus) did not demonstrate
any potential for chemical interference, indicating that allelochemic interactions may be uncommon among semi-aquatic plants. Nonetheless,
the results for the Justicia litter indicate an allelochemic component
to that plant's interference. The allelochemic effect by the Justicia litter did not simply act to prevent the growth of the susceptible species
but either reduced or stimulated it.These facts coupled with the effect
of the leachate being greater on seedlings, when susceptible, than on
other types of propagules (e.g., P. lapathifolium seedling growth was
stimulated by the leachate while the same leachate had no effect on cuttings) suggests that the effectiveness of the allelochemic component of
Justicia americana litter may be highly dependent on both the species
and age of neighbors.
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A CHECK-LIST OF THE SPIDERS OF ARKANSAS
PEGGY RAE DORRIS
Henderson State University
Arkadelphia, AR 71923
ABSTRACT
Collections of spiders were made from 1966, to the present in the six physiographic regions of Arkanwere collected and recorded.

sas. During this time 435 species representing 35 families

INTRODUCTION
Research has been in progress for the past 18 years to provide a
checklist of Arkansas spiders. Dorris (1968, 1969, 1970, 1971, 1972,
1980); Dorris and Burnside (1977); Beck and Dorris (1983); and Dorris
and Saugey (1983); made numerous studies in an effort to cover the
major physiographic regions of the state. Whitcomb, Exline, and Hite
(1963); Whitcomb and Tadic (1963); Whitcomb and Bell (1964); and
Warren, Peck, and Tadic (1967) made arthropod studies in agricultural
habitats of the Ozark Mountain Area. Heiss (1977) collected specimens
from pit traps located in two counties of the Ozark Mountain Area.
The six physiographic regions of Arkansas as defined by the Environmental and Conservation office of the Department of Education,
show significant ecological differences withhabitat diversity including
mountains, upland hardwoods, bottomland hardwoods, loblollyshortleaf pine, cedar glade, upland prairie, to caves.
The purpose of this lengthy study has been to determine the spider
fauna of Arkansas. Itis the authors opinion that at least 90% of the
species have been identified, while recognizing that an ecological study
of this scope can rarely be definitive.

mixed grasses, fields ofmixed grasses, shrubs, herbs, mud-dauber nests,
and water surfaces. The number of specimens decreased as temperature
and humidity increased.
Figure 1, Pell (1983), represents the six physiographic regions covered
in this study. Itis the belief of this author that at least 90% of the spider
fauna of Arkansas has been identified. The Arkansas spider checklist
of species follows and common names are employed where known.

METHODS AND MATERIALS
Several methods and types of instrumentation for collecting were used.
They were (a) heavy duty sweep net in grasses and heavy brush, (b)
wire mesh for leaf litter, (c) chopping bark from trees, (d) hand picking from bushes, ground and old dwellings and other related places,
(e) mud-dauber nest collections to reveal paralyzed spiders captured
by mud-daubers, (f)night spot-lighting. Pit traps were used extensively in Drew County and Heiss (1977) also employed this sampling technique. Collections from other institutions such as University of Arkansas
at Fayetteville and L.S.U. at Baton Rouge were examined.
Most of the collections were made between the hours of 9 A.M. and
5 P.M. The specimens were preserved in screw cap vials containing 75%
ethyl alcohol.
In all physiographic regions 8-10 check stations were set up across
the whole region so that coverage of the various habitats could be
assured.
Names used are those employed by Kaston and Kaston (1972), Gertsch
(1974), and Comstock (1982). Species are listed alphabetically. The arrangement followed is that of Kaston (1948, 1978). Other literature
used for identification of specimens included: Archer (1951), Brady
(1964, 1969), Bell (1967), Bowling and Sauer (1975), Carico and Holt
(1964), Dondale (1961), Dondale and Redner (1968), Emerton (1961),
Exline (1938, 1962), Exline and Levi(1962), Gertsch (1934, 1949, 1953,
1979), Ivie (1969), Kaston (1973), Peck (1966, 1981), Peck and Peck
(1982), Rapp (1980), and Sauer and Platnick (1972).
RESULTS AND DISCUSSION
Four hundred thirty-five species representing 35 families were collected from the following habitat types: forests, mixed deciduous and
pine forests, buildings, inhabited dwellings, abandoned dwellings, barns
and other out buildings, caves, mine tunnels, roadsides, bare ground,
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Figure 1. Natural Divisions of Arkansas
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Folding-door trap-door spiders
Antrodiaetus unicolor (Hentz)
THERAPHOSIDAE "Ordinary" tarantulas

ANTRODIAETIDAE
Dugesiella

(Girard)
Trap-door spiders
Bothriocyrtum californicum (O. P. Cambridge)
audouini (Lucas) Common trap-door spider

hentzi

CTENIZIDAE

KUmmidia
ISTATIDAE
SFilistata annulipes

hibernalis Hentz Brown house spider
COBIIDAE
Oecobius
Lucas
Oecobius cellariorum (Duges)
Oecobius texanus Bryant
ULOBORIDAE
Hyptiotes cavatus (Hentz) Triangle spider
Uloborus diversus Marx
Uloborus glomosus (Walckenaer) Feather-legged spider
DICTYNIDAE
Dictyna annulipes (Blackwall)
Dictyna bicornis (Emerton)
Dictyna hentzi Kaston
Dictyna segregata Gertsch & Mulaik
Dictyna volucripes Keyserling
Lathys pallida (Marx)

White-eyed spiders
Amaurobius bennetti (Blackwall)
Amaurobius ferox (Walckenaer)
Callioplus tibialis (Emerton)
Titanoeca americana Emerton
SCYTODIDAE Spitting spiders
Scytodes thoracica (Latreille)
Scytodes perfecta Banks
LOXOSCELIDAE
Loxosceles reclusa Gertsch & Mulaik Brown recluseViolin spider
Loxosceles rufescens (Dufour)
LEPTONETIDAE
arkansa Gertsch
ESTRIIDAE
Ariadna bicolor (Hentz)
PHOLCIDAE Cellar spiders
Pholcus phalangioides (Fuesslin) Long-bodied cellar spiders
Spernophora meridionalis Hentz Short-bodied cellar spiders
THERIDIIDAE Comb-footed spiders
Achaearanea globosa (Hentz)
Achaearanea porteri (Banks)
Achaearanea tepidariorum (C. L. Koch) House spiderDomestic spider
Argyrodes trigonum (Hentz)
A^elosimus textrix (Walckenaer)

r\UROBIIDAE
KLeptoneta

Conopistha

rufa

(Walckenaer)

Conopistha trigona (Hentz)
Ctenium riparius (Keyserling)
Dipoena nigra (Emerton)

Diopena buccalis Keyserling
Euryopis limbata (Walckenaer)
Euryopis funebris (Hentz)
Latrodectus
Latrodectus
Latrodectus
Latrodectus
Latrodectus

geometricus C. L. Koch

hasselti Thorel

hesperus Chamberlin &Ivie
mactans (Fabricius) Black widow
variolus (Walckenaer)

Rhomphaea lacerta (Walckenaer)
Spintharus flavidus Hentz
Steatoda palmara Chamberlin &Ivie

Steatoda triangulosa (Walckenaer)
Teutana triangulosa (Walckenaer)
Theridula opulenta (Walckenaer)

Theridula emertoni (Levi)
Theridion australe Banks
Theridion differens Emerton
Theridion flavonotatum Becker
Theridion frondeum Hentz
Theridion intervallatum Emerton
Theridion murarium Emerton
Theridion neshamini Levi
Theridion rabuni Chamberlin &Ivie
Theridion tinctum Walckenaer
Tidarren sisyphoides (Walckenaer)
Ulesanis americana Emerton
NESTICIDAE
Eidmannella pallida (Emerton)
LINYPHIIDAE
Florinda coccinea (Hentz)
Frontinella pyramitela (Walckenaer) Bowl & doily spider
Lepthyphantes nebulosa (Keyserling)
Meioneta fabra (Keyserling)
Meioneta meridionalis Crosby & Bishop
Meioneta micaria Emerton
Porrhomma cavernicolum Keyserling
Prolynphia maculata Emerton
Prolynphia marginata (C. L. Koch)
MICRYPHANTIDAE
Ceraticelus creolus Chamberlin
Ceraticelus similis (Banks)
Eperigone maculata (Banks)
Eperigone tridentata (Emerton)
Eperigone trilobata (Emerton)
Erigone autumnalis Emerton
Gonatium rubens (Blackwall)
Grammonota inornata Emerton
Grammonota maculata Banks
Grammonota texana (Banks)
Walckenaera spiralis (Emerton)
Walckenaera vigilax (Blackwall)
THERIDIOSOMATIDAE Ray spiders
Theridiosoma radiosa (McCook) Ray spider
ARANEIDAE Typical orb weavers
Acacesia hamata (Hentz)
Acanthepeira moesta Comstock
Acanthepeira Stella ta (Marx) Star-bellied spider
Acanthepeira vanusta (Banks)

Araneus cavaticus (Keyserling)
Araneus cingulatus (Walckenaer)
Araneus gemma (McCook)
Araneus frondosa (Linnaeus) Foliate spider
Araneus guttulatus (Walkenaer)
Araneus juniperi (Emerton)
Araneus marmoreus Clerck Marbled spider
Araneus miniatus (Walckenaer)
Araneus nordmanni (Thorell)
Araneus partitus (Walckenaer)
Araneus thaddeus (Hentz)
Araniella displicata (Hentz)
Argiope aurantis Lucas Black & yellow garden spiderWriting spider
Argiope trifasciata (Forskal) Banded garden spider
Conopeira ozarkansis Archer

Cyclosa bifurca (Hentz)
Cyclosa conica (Pallas)
Cyclosa turbinata (Walkenaer)
Epeira cornuta (Clerck)
Eustala anastera (Walckenaer)

Eustala arkansana Archer
Eustala cepina (Walckenaer)
Gasteracantha elipsoides (Walckenaer)

Spiny-bellied orb

weaver
Gea Heptagon (Hentz)
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Glyptocranium bisaccatum Comstock
Larinia directa (Hentz)
Leucauge venusta (Walckenaer)
Mangora gibberosa (Hentz)
Mangora maculata (Keyserling)
Mangora placida (Hentz)

Mecynogea lemniscata (Walckenaer) Basilica spider
Meta menardii (Latreille) Cave orb weaver
Metepeira labyhnthea (Hentz)
Micrathena gracilis (Walckenaer) Spiny-bellied orb weaver
Micrathena sagittata (Walckenaer) Spiny-bellied orb weaver
Neoscona arabesca (Walckenaer)

Neoscona domiciliorum (Hentz)
Neoscona minima O. P. Cambridge
Neoscona pratensis (Hentz)
Neoscona sacra (Walckenaer)
Neosconella pegnia (Walckenaer)
Nephila clavipes (Linnaeus) Foliate spider
Nuctenea cornuta (Clerck) Furrow spider
Nuctenea sericata (Clerck) Bridge spider-Gray cross spider
Singa Keyserling McCook
Verrucosa arenata (Walckenaer)
Wixia ectypa (Walckenaer)
TETRAGNATHIDAE
Leucage venusta (Walckenaer)
Orchard spider
Mimognatha foxi(McCook)
Pachygnatha tristriata C. L. Koch

Tetragnatha elongata Walckenaer
Tetragnatha laboriosa Hentz

Thick-jawed orb weaver
Long-jawed orb weaver

Tetragnatha seneca Seeley
Tetragnatha straminea Emerton
Tetragnatha versicolor Walckenaer

AGELENIDAE Funnel-web weavers
Agelenopsis emertoni Chamberlin &Ivie
Agelenopsis naevia (Walckenaer)
Agelenopsis Pennsylvania (C. L. Koch)
Agelenopsis potteri (Blackwall)
Circurina arcuata Keyserling
Circurina bryantae Exline
Circurina davisi Exline
Circurina robusta Simon
Circurina tersa Simon
Coras medicinalis (Hentz)
Coras montanus Emerton
HAHNIIDAE
Hahnia cinerea Emerton
Neoantistea agilis Keyserling
Neoantistea riparia (Keyserling)
MIMETIDAE
Ero furcata (Villers)
Mimetus epeiroides Emerton
Mimetus interfector Hentz
Mimetus puritanus Chamberlin
PISAURIDAE Nursery-web spiders
Dolomedes scriptus Hentz Fishing spider
Dolomedes tenebrosus Hentz Fishing spider
Dolomedes triton (Walckenaer) Fishing spider
Dolomedes vittatus (Walckenaer) Fishing spider
Pelopatis undulata (Keyserling)
Pisaurina mira (Walckenaer)
Pisaurina mirabilis (Clerck)
Tinus peregrinus (Bishop)
LYCOSIDAE Wolf spiders
Allocosa funerea (Hentz)
Arctosa emertoni Gertsch
Arctosa littoralis (Hentz)
Arctosa sublata (Montgomery)
Arctosa virgo (Chamberlin)
Lycosa annexa (Chamberlin & Ivie)
Lycosa antelucana Montgomery
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Lycosa
Lycosa
Lycosa
Lycosa
Lycosa
Lycosa
Lycosa
Lycosa
Lycosa

aspersa Hentz
gulosa Walckenaer
avara (Keyserling)
frondicola Emerton
carolinensis Walckenaer
baltimoriana (Keyserling)
helluo Walckenaer

var. annexa

lenta Hentz
Lycosa modesta (Keyserling)
Lycosa punctulata (Hentz)
Lycosa rabida Walckenaer
Pardosa banksi Chamberlin
Pardosa distincta (Blackwall)
Pardosa floridana Banks
Pardosa lapidicina Emerton
Pardosa milvina (Hentz)
Pardosa moesta Banks
Pardosa pauxilla Montgomery
Pardosa pullata (Clerck)
Pardosa saxatilis (Hentz)
Pardosa saxatilis var. atlantica
Pardosa sternalis (Thorell)
Pardosa utahensis Chamberlin
Pirata alachua Gertsch & Wallace
Pirata apalacheus Gertsch
Pirata insularis Emerton
Pirata minutus Emerton
Pirata piratica (Clerck)
Pirata sedentarius Montgomery
Pirata suwaneus Gertsch
Pirata sylvanus Chamberlin
Schizocosa avida (Walckenaer)
Schizocosa bilineata (Emerton)
Schizocosa crassipes (Walckenaer)
Schizocosa ocreata (Hentz)
Schizocosa retrorsa (Banks)
Tarentula accentuata (Latreille)
Tarentula aculeata (Clercke)
Tarentula kochi Keyserling
Trabea aurantiaca (Emerton)
Trochosa acompa (Chamberlin)
Trochosa avara Keyserling
OXYOPIDAE Lynx spiders
Hamataliwa hilia Brady
Oxyopes acleistus Chamberlin
Oxyopes aglossus Chamberlin
Oxyopes helius Chamberlin
Oxyopes salticus Hentz
Oxyopes scalaris Hentz
Peucetia veridans (Hentz) Green Lynx
GNAPHOSIDAE Ground spiders
Callilepis imbecilla (Keyserling)
Callilepis pluto Banks
Cesonia bilineata (Hentz)
Drassodes auriculoides Barrows
Drassodes hypocrita Simon
Drassodes neglectus (Keyserling)
Drassyllus aprilinus (Banks)
Drassyllus covensis Exline
Drassyllus creolus Chamberlin & Gertsch
Drassyllus depressus (Emerton)
Drassyllus dixinus Chamberlin
Drassyllus fallens Chamberlin
Drassyllus femoralis Banks
Drassyllus mephisto Chamberlin
Drassyllus socius Chamberlin
Drassyllus virginianus Chamberlin
Geodrassus phanus Chamberlin
Gnaphosa

muscorum (L. Koch)
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Gnaphosa sericata (L. Koch)
Haplodrassus signifer (C. L. Koch)

>

Herpyllus ecclesiasticus Hentz Parson spider
Litophullus rupicolens Chamberlin
Peocilochroa capulata (Walckenaer)
Peocilochroa fumulus (Chamberlin)
Rachodrassus echinus Chamberlin
Rachodrassus exlineae Platnick & Shadak
Sergiolus capulatus (Walckenaer)

i

Sergiolus famulus Chamberlin
Sostichus insularis (Banks)
Strotarchus piscatoria (Hentz)
Zelotes duplex (Chamberlin)
Zelotes hentzi (Barrows)
Zelotes laccus (Barrows)
Zelotes rusticus (L.Koch)

CLUBIONIDAE

•

Foliage spiders

Agroeca pratensis Emerton
Castianetra amoena (C. L. Koch)
Castianiera cingulata (C. L. Koch)
Castianiera descripta (Hentz)
Castianiera gertschi Kaston
Castianiera longipalpus (Hentz)
Castianiera trilineata (Hentz)
Castianeira variata Gertsch
Castianiera vulnerea Gertsch
Chiracanthium erraticum (Walckenaer)
Chiracanthium inclusum (Hentz)
Clubiona abbotii L. Koch
Clubiona excepta Koch
Clubiona catawba Gertsch
Clubiona johnsoni Gertsch
Clubiona moesta Banks
Clubiona obesa Banks
Clubiona pallens Hentz
Clubiona putris Koch
Clubiona riparia Koch
Clubiona saltitans Emerton
Marcellina piscatoria (Hentz)
Meriola decepta Banks
Micaria aurata (Hentz)
Micaria longipes Emerton
Micaria vinnula Gertsch
Phrurotimpus alarius (Hentz)
Phrurotimpus borealis (Emerton)
Phrurotimpus formica Banks
Phrurotimpus illudens (Gertsch)
Scotinella formica L. Koch
Scotinella fratella (Gertsch)
Scotinella pallida Banks
Scotinella redempta Gertsch
Strotarchus piscatorius (Hentz)
Trachelas laticeps Bryant
Trachelas similis Cambridge
Trachelas tranquillus (Hentz)
ANYPHAENIDAE
Anyphaena celer (Hentz)
Anyphaena fragilis Banks
Anyphaena maculata (Banks)
Aysha gracilis (Hentz)
Aysha velox (Becker)
Wulfila saltabunda (Hentz)

ZORIDAE
Zora pumilus (Hentz)

CTENIDAE
Anahita animosa (Walckenaer)
Ctenus exlineae Peck
Ctenus hibernalis (Hentz)
THOMISIDAE Crab spiders
Coriarachne floridana Banks

Coriarachne lenta (Walckenaer)
Coriarachne versicolor Keyserling
Misumena vatia (Clerck) Flower spider Goldenrod spider
Misumenops asperatus (Hentz)
Misumenops celer (Hentz)
Misumenops deserti Schick
Misumenoides formosipes (Walckenaer)
Misumenops oblongus (Keyserling)
Oxyptila conspurcata Thorell
Oxyptila modesta (Scheffer)
Oxyptila monroensis Keyserling
Synema parvula (Hentz)

Tmarus angulatus (Walckenaer)
Xysticus auctificus Keyserling
Xysticus bicuspis Keyserling
Xysticus cunctator Thorell
Xysticus elegans Keyserling

Xysticus ferox (Hentz)
Xysticus fraternus Banks
Xysticus gulosus Keyserling
Xysticus montanensis Keyserling
Xysticus
Xysticus
Xysticus
Xysticus
Xysticus
Xysticus
Xysticus

nervosus (Emerton)
Keyserling
texanus Banks

punctatus

triguttatus Keyserling
transvertatus

tumefactus

(Walckenaer)
(Walckenaer)

ulmi (Hahn)
PHILODROMIDAE Running crab spiders
Ebo latithorax Keyserling
Ebo punctatus Schick
Philodromus abbotii
Philodromus aureolus (Oliver)
Philodromus imbecillus Keyserling
Philodromus keyserling Marx
Philodromus laticeps Keyserling
Philodromus marxi Keyserling
Philodromus pernix Black wall
Philodromus placidus Banks
Philodromus rufus Walckenaer
Philodromus satullus Keyserling
Philodromus vulgaris Hentz
Thanatus formicunus (Clerck)
Thanatus lysoides (Clerck)
Thanatus rubicellus Mello-Leitao
Thanatus vulgaris Simon
Tmarus angulatus (Walckenaer)
Tibellus duttoni (Hentz)
Tibellus ablongus (Walckenaer)
SALTICIDAE Jumping spiders
Agassa cerulea (Walckenaer)
Ballus youngii G. &E. Peckham
Corythalia aurata (Hentz)

Eris aurantia (Lucas)
Eris marginata (Walckenaer)
Eris pineus (Kaston)
Evarcha hoyi (G. &E. Peckham)
Habrocestum parvulum (Banks)
Habrocestum pulex (Hentz)
Habronattus borealis (Banks)
Habronattus coronatus (Hentz)
Habronattus decorus (Black wall)
Habronattus paykulli (Audouin)
Habronattus viridipes (Hentz)
Hentzia ambigua (Walckenear)
Hentzia mttrata (Hentz)
Icius elegans Emerton
Icius hartii Emerton
Icius vitis (Cockerell)
Maevia inclemens (Walckenaer)
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Marpissa Hneat a (C. L. Koch)
Marpissa pikei (G. &E. Peckham)
Metacyrba taeniola (Hentz)
Metacyrba undata (DeGreer)

BRADY, A. 1964. The lynx spiders of North America, north of
Mexico (Araneae: Oxyopidae). Bull. Mus. Comp. Zool.
131:430-518.

Metaphidippus
Metaphidippus
Metaphidippus
Metaphidippus
Metaphidippus
Metaphidippus
Metaphidippus
Metaphidippus

BRADY, A. 1969. A reconsideration of the Oxyopes apollo species
group with the descriptions of two new species (Araneae: Oxyopidae). Psyche. 76:416-438.

canadensis (Banks)
exiguus (Banks)
flaviceps Kaston
flavipedes (Peckham)
galathea (Walckenaer)
insignis (Banks)
protervus (Walckenaer)
sexmaculatus (Banks)
Myrmarachne hentzi Banks
Neon nellii Peckham
Paraphidippus marginatus (Walckenaer)
Paraphidippus arantius (Kaston)
Peckhamia picata (Hentz)
Phidippus apacheanus Chamberlin & Gertsch
Phidippus audax (Hentz)
Phidippus carolinensis Peckham &Peckham
Phidippus hirsutus Barrows
Phidippus incertus Peckham
Phidippus insignarius C. L. Koch
Phidippus insolens Peckham
Phidippus mccookii Peckham
Phidippus mystaceus Emerton
Phidippus opifex (McCook)
Phidippus otiosus Peckham
Phidippus princeps (Peckham)
Phidippus purpuratus Keyserling
Phidippus putmanii (Peckham)
Phidippus rimator (Walckenaer)
Phidippus variegatus (Lucas)
Phidippus v/hitmanii Peckham
Phlegra

fasciata

(Hahn)

Salticus scenicus (Linnaeas)
Sarinda hentzi (Banks)
Sassacus papenhoei G. &E. Peckham
Sitticus floricoles (C. L. Koch)
Sitticus floridanus Gertsch & Mulaik
Sitticus palustris G. &E. Peckham
Synemosyna lunata (Walckenaer)
Talavera minuta (Banks)
Thiodina iniquies (Walckenaer)
Thiodina puerpera (Hentz)
Tutelina similis (Banks)
Zygoballus bettinii G. &E. Peckham
Zygoballus nervosus (Peckham)

BELL, K. 1967. The bollworm-tobacco budworm problem in Arkansas
and Louisiana. Ark. Agri. Exp. Sta. Bull. 720:1-66.
BOWLING, T., and R. SAUER. 1975. A taxonomic revision of the
crab spiders genus Coriarachne (Araneae: Thomisidae) for North
America north of Mexico. J. Arachnol. 2:183-193.
CARICO, J., and P. HOLT. 1964. A comparative study of the female
copulatory apparatus of certain species in the spider genus
Dolomedes Araneae: Pisauridae). Agri. Exp. Sta. Va. 172:1-27.
COMSTOCK, J. 1982. The spider book. Comstock Publ. Co., Ithaca,
N.Y. 729 pp.
DONDALE, C. 1961. Revision of the aureolus group of the genus
Philodromus (Araneae: Thomisidae) in North America. Can. Entomol. 93:199-222.
DONDALE, C, and J. REDVER. 1968. The Imbecillus and Rufus
groups of the spider genus Philodromus in North America
(Araneae: Thomisidae). Can. Entomol. Soc. 55:1-78.

DORRIS, P. 1968. A preliminary study of the spiders of Clark
County, Arkansas compared with a five year study of Mississippi
spiders. Proc. Ark. Acad. Sci. 22:33-37.

DORRIS, P. 1969. Spiders collected from mud-dauber nests in Clark
County, Arkansas. Proc. Ark. Acad. Sci. 23:88-90.
DORRIS, P. 1970. Observations on the impact of certain insecticides
on spider populations in a cotton field. Proc. Ark. Acad. Sci.
24:53-54.
DORRIS, P. 1972. A checklist of spiders collected in Mississippi
compared witha preliminary study of Arkansas spiders. Proc. Ark.
Acad. Sci. 26:83-86.
DORRIS, P., and F. BURNSIDE. 1977. A continuation of spider
research in Arkansas: Ouachita Mountain Area. Proc. Ark. Acad.
Sci. 31:114-116.

Zygoballus sexpunctatus (Hentz)

LYSSOMANIDAE
Lyssomanes viridis (Walckenaer)
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THE EFFECTS OF GAMMA RADIATIONON
SALIXNIGRA MARSH. CUTTINGS
ROY Z. GEHRING
Department of Biological Sciences
Arkansas State University
State University, AR 72467

ABSTRACT
Dormant cuttings of Salix nigra Marsh, were exposed to gamma radiation from a cobalt-60 source
at a dose rate of 111 0 roentgens (r) per minute. Exposure doses ranged from 50 r through 1 00 Kr with
1 00% mortality at 10 Kr. Low doses of ionizing radiation apparently stimulated growth, while higher doses
progressively retarded growth. The growth of the staminate catkins was inversely proportional to total
exposure dose (increased dose resulted in progressively decreased growth).
Determination of growth rates at different intervals post- irradiation indicated recovery of the surviving
fraction of the irradiated cuttings. At ninety days, the highest growth rate occurred at the highest surviving exposure dose. It was also noted that total RNA and protein concentrations were sensitive even to
the lowest exposure doses.
The effects of gamma radiation on development of viable pollen grains were scored on the basis of
the aniline-blue (cotton blue) lactophenol test. Pollen grain viability was found to increase with increasing
gamma radiation up to 1 00 r. Progressively lower pollen viability was recorded from 400 r up to 4 Kr.

INTRODUCTION
Numerous investigations have been published describing the effects
of ionizing radiation on both plants and animals. Plants have been
shown to respond to ionizing radiation by increased chromosomal aberrations; morphological abnormalities of leaves, stems, roots, and
flowers; alterations in growth patterns; variations in pollen grain viability
and germination; altered seed germination; and death (Gunckel et al.,
1953 a,b; Gunckel, 1957; Sax, 1963; Pfahler, 1971; Crest and Ciampolini, 1982; Cordero and Gunckel, 1982).
We have striven for years to better understand such phenomena as
radiation recovery and stimulatory effects oflow doses. These and other
phenomena have been complicated by variations in radiosensitivity between species, between varities, and between individuals of the same
variety. Responses of organisms to ionizing radiation also vary with
age, the dose rate, the stage ofmitosis or meiosis at the time ofirradiation, acute or chronic irradiation, physiological condition of the
organism when irradiated, and the chromosomal value (Gunckel, 1957).
An attempt willbe made to remove possible genetic variability using
a monoclonal population ofSalix nigra Marsh, (black willow)cuttings.
S. nigra has not, to my knowledge, been studied previously. Its rooting
ability, relatively rapid growth, and type ofinflorescence (catkin) were
important factors in the selection of S. nigra for this study.
Variations in growth patterns, morphological alterations,
physiological changes, and pollen viability following acute exposures
of dormant S. nigra cuttings to gamma radiation will be reported in
this paper. Special attention willbe given to radiation recovery and possible stimulatory phenomena.

MATERIALS AND METHODS

Eight hundred 15 cm cuttings of dormant Salix nigra Marsh, (black
willow) were exposed to gamma radiation from a cobalt-60 source at
a dose rate of 1110 r/min. Exposure doses ranged from 50 r through
100 Kr. Cuttings were potted in peat pots and grown under greenhouse
conditions. Each cutting averaged 6-7 buds above the soil level. Rooting
was facilitated with a spraying device programmed for seven seconds
of spray mist every seven minutes during the day.
Cuttings were carefully monitored to determine survival rates; criterion
for survival was opening of the buds. The number of cuttings withgrowing buds was recorded for each exposure dose (55 cuttings at each dose).

https://scholarworks.uark.edu/jaas/vol39/iss1/1
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The effect of ionizing radiation on flower growth was determined
by measuring the length of the catkins at anthesis. Following abscission of the catkins, vegetative growth was determined by measuring
stem elongation from the terminal bud ofeach surviving cutting at each
exposure dose 45 and 90 days post irradiation.
The effects of ionizing radiation on pollen grain viability were determined by the analine blue (cotton blue) lactophenol test by Maneval
(1936) as modified by Hauser and Morrison (1964). Twenty slides were
made for each surviving exposure dose. Stamens were randomly excised from different cuttings within each exposure group and shaken
onto the slides containing the cotton blue dye. Large numbers of pollen
grains were counted at each exposure dose to increase statistical reliability
of small differences between doses. The significance of differences in
pollen viability at each exposure compared to the control and between
treatments was determined by the student's "t" test.
The effects of ionizing radiation on protein and RNA concentrations
in the upper (youngest) leaves were ascertained using the respective
analytical methods of Itzhaki and Gill (1964) and Key and Shannon
(1964).

RESULTS
Survival.
Irradiated willow cuttings were found to exhibit one hundred percent mortality at exposure doses above 9 Kr as determined by opening
of buds (Table 1). Data suggests significant decreases in survival at
dosages above 1 Kr.The great majority of open buds occurred at the
terminal position in all exposure groups. Buds exposed to doses above
9 Krdid not open. Two cuttings exposed to 9 Kr showed bud opening;
both died within two weeks following abscission of the catkins.

Although some cuttings exposed to gamma radiation above 4 Krdid
open (Table 1), vegetative growth did not occur following abscission
of the catkin. Consequently, further analyses used only those cuttings
exposed to gamma radiation up to 4 Kr.
Growth and Maturation of the Male Catkins.
Catkins were measured at anthesis for all exposure doses. Mean
measurements (Table 1) suggest no meaningful effects of gamma irradiation on catkin growth until 3 Kr. Doses above 3 Kr caused a
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I Table 1. Data

Dooe (r)

summary:

Effects of gamma radiation on Sa/ix nigra cuttings.

Percent
Survival

Growth of

Growth of

cutting
45 days
post irrd.
(ratio of

cutting
90 days
post irrd.
(ratio of

treatment

to control)

RNA

Protein

7 mean length

concentration
(ratio of

treatment

of male
catkin (mm)

treatment
to control)

concentration
(ratio of
treatment
to control)

to control)

83

1.0

1.0

21.6

1.0

1.0

50

94

1.10

0.93

23.1

1.01

0.95

100

93

1.13

1.03

21.3

0.88

O.96

200

84.

1.03

0.95

19.6

0.79

0.70

400

98

0.82

1.12

19-0

0.83

0.74

700

84

0.79

1.26

22.1

0.72

1.06

1000

94

0.58

1.85

19.6

0.73

0.15

2000

72

0.55

1.13

23.1

0.66

0.29

3000

58

4000

42

0.64

0.21

5000

45

7.8

6000

30

5.1

7000

20

7.7*

8000

16

1.0

9000

4

6.0*

10000

0

Control

17.8
0.46

1.49

11.7

*Sample Number less than 4.
decrease in mean catkin length down to 5 Kr where mean
kin length reduction seems to level off.Measurements ofcatkin length
doses above 5 Kr were unreliable due to small sample size.
rate of flower maturation was determined on the basis of anis and found to decrease gradually with increasing dosage. These
eases were obvious even at 50 r.

viability decreased with exposure dose with minimum viability recorded at 4 Kr. Comparison of "t"values of each exposure dose to
the control group indicated significant differences (99% confidence level)
at all exposure doses except 400 r. Comparison between treatments indicated significant differences (99% confidence level) between all treatment doses.

Shoot Growth.
Shoot growth was found to respond to increasing exposure dose initiallyby increased growth early at dosages of 50 r and 100 r with maximum stimulation at 100 r (Table 1). Shoot growth then decreased with
exposure dosages, relative to the control, up to 4 Kr. Cut;s exposed to gamma radiation above 4 Kr did not exhibit shoot
wth. However, measurements at 90 days post irradiation indicated
larp recovery of growth, especially at the highest exposure doses
Cr and 4 Kr).
ofall exposure doses showed radiation induced abnormalities
as puckering at the leaf margins and leaf curvature, agreeing with
ckel (1957) and Venketeswaran and Partanen (1966).

RNA and Protein Concentrations
Analyses ofRNA isolated from leaves from each dose suggest a slight
but gradual decrease in RNA with increasing exposure dose beginning
at 100 r. This was unexpected at such low doses (Table 1).
Protein levels also decreased with increasing exposure dosages as compared to the control. These reductions were apparent at 50 r, dropping
precipitously at 1 Kr (Table 1).

|:cipitous

Ehe

ireasing
E:aves

Viability.
grain viability was found to increase with increasing gamma
ation exposure up to 100 r (Table 2). Above 100 r, pollen grain

Pollen Grain

Bollen

DISCUSSION
Even low doses of acute exposure to gamma radiation appear to have
significant effects on survival and several growth, developmental, and
reproductive processes.
Survival of cuttings based on buds opening and producing catkins
was misleading since some cuttings died shortly after buds opened. Cut-
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Table 2. The effects of ionizing radiation on the development of pollen by Salix nigra cuttings.

11

.

1" Value for

„
Comparison

Number
Counted

Viable
Fraction

0

99,536

0.9506

50

43,494

0.9580

100

42,996

200

Exposure
Dose (R)

_
„.„
t Value
T7

Comparison
„_

~_

Between Treatments

Between
Treatment

Treatments

and Control

Compared

0:

"t" Value

50

6.29

6.29

50: 100

11.29

0.9721

20.462

100: 200

12.94

44,470

0.9558

4.195

200: 400

4.95

400

79,385

0.9497

0.894*

400: 700

7.53

700

74,030

0.9409

8.798

700:1000

9.63

1000

58,187

0.9276

18.024

1000:2000

14.79

2000

41,540

0.9007

30.784

2000:4000

12.35

4000

37,200

0.8727

41.870

*Accept H :
control=treatment
rejected on 1% level of significance
All others showed highly significant differences
Accept alternate hypothesis H :A^B

)

H

tings exposed to acute dosages of 5 Kr to 9 Kr demonstrated that,
although floral development occurred, vegetative growth did not. This
explains survival and catkin growth data at doses from 4 Kr 10 9 Kr
whileother determinations did not exceed the 4 Kr exposure dose. Stairs
(1964) reported that gamma irradiated male flower buds of two species
of Quercus both showed complete inhibition of male buds at an exposure does of 4 Kr. However, he noted that the lethal dosage varied
with the stage ofmeiosis at the time ofirradiation. When the buds were
irradiated from anaphase IIon, the lethal point for vegetative growth
was extended to 6 Kr.
Although most effects of ionizing radiation are injurious (Schull and
Mitchell, 1933), there are numerous claims in the literature that small
doses are stimulative (Skor et al., 1965; Moore and Hough, 1962;
Gunckel, 1957; Gunckel et al., 1953 a,b,; Kuzin et al., 1964; Iqbal and
Zahur, 1975). Skok et al. (1965) suggested that exposure to low doses
of radiation may suppress dividing cells but stimulate cell expansion
Shull and Mitchell (1933) suggested that the maximum dosage for
stimulation would not far exceed 100 r. This agreed withdata presented
here on pollen grain viability but did not agree with Iqbal and Zahur

(^1%)

(1975) who reported stimulation of growth and yield in rice at doses
of 1 Kr to 2.5 Kr. However, responses to acute radiation vary withdose
rate.

The causes ofradiation induced growth stimulation/suppression have
been attributed to increased/decreased levels of auxin (Skoog, 1935;
Gordon, 1957; Gunckel and Thimann, 1949), cytokinins (Jordan and
Haber, 1974), ABA(Degani and Itai, 1978), and translocatable inhibitors
(Kuzin et al., 1964). Gordon (1957) suggested that radiation induced
auxin reduction is temporary. Recovery of auxin biosynthesis and
buildup of metabolites could account for the higher growth rates at
90 days in the 2 Kr and 4 Kr plants. A comparison of the growth of
the male catkin with shoot growth 90 days post irradiation (Table 1)
suggests that the flower is more sensitive to acute exposures to gamma
radiation than the vegetative portion. This agrees with conclusions
reported by Cordero and Gunckel (1982).
Venketeswaran and Partanen (1966) reported a precipitous drop in
growth above 1,300 r which was not observed here. It is however
noteworthy that they reported complete inhibition of the apical meristem
at 5,200 r, almost identical to data reported in this study.
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Gunckel (1957) suggested that radiation induced auxin production
is related to protein synthesis which is controlled by m-RNA. Unpublished results of Van Huystee and Cherry (1967) suggested that xirradiation inhibits the production of m-RNA. Van Huystee et al. (1968)
reported x-irradiation induced reduction in m-RNA from peanut
cotyledons but at much higher doses than reported in this paper.
The reduction of pollen grain viability by ionizing radiation is well
known (Crest and Ciampolin, 1982). However, Pfahler (1971) and Stairs
(1964) suggested that high doses were necessary for pollen grain germination and tube growth. Results presented here indicate high pollen
grain sensitivity to low doses as determined by the cotton blue test.
However, pollen viability determinations by this method may not be
comparable to pollen germination. Uematsu and Nishiyama (1967)
reported 50% reduction in seed formation at 2 Krand no seed production at 9 Kr. Stairs (1964) reported stimulation of pollen tube growth
at 1 Kr and a significant decrease in pollen tube germination at doses
of acute gamma irradiation of4 Kr. Crest and Ciampolini (1982) suggest that the initial plateau observed may be due to an accumulative
effect and repair mechanisms.

IQBAL,J., and M. S. ZAHUR. 1975. Effects of acute gamma irradiation and development stages on growth and yield of rice plants.
Rad. Bot. 15:231-240.
ITZHAK1, R. F., and M. GILL. 1964. A microbiuret method for
estimating proteins. Anal. Biochem. 9:401-410.
JORDAN, W. R., and A. H. HABER. 1974. Cytokinins and mitotic
inhibition in "gamma plantlets". Rad. Bot. 14:219-222.
KEY, J. L., and J. C. SHANNON. 1964. Enhancement by auxin of
ribonucleic acid synthesis in excised soybean hypocotyl tissue. Plant
Physiol. 39:360-364.
KUZ1N, A. M., A. KASYMOV, and L. M. KARYUKOVA. 1964.
On the mechanism of stimulating and inhibiting actions of radiation in the irradiation of potato tubers. Radiobiology. 4:201-208.
MANEVAL,W. E. 1936. Lactophenol preparations. Stain Tech. 11:9.
MOORE, J. N., and L. F. HOUGH. 1962. Relationships between
auxin levels, time of floral induction, and vegetative growth in
strawberry. Proc. Am. Soc. Hort. 81:255-264.
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ABSTRACT
Lipid analyses of chloroplasts isolated from wheat (Triticum aestivum L. cv. Arthur) and milo (Sorghum
bicolor cv. Funk's hybrid 522) suggest no major heat effect on lipid class distribution. Assuming milo
is more heat tolerant than wheat and that increased saturated/unsaturated fatty acid values increase thermal stability, changes in sulfoquinovosyldiglyceride (SL) appear to be more important than phosphatidylglycerol (PG) in conferring thermal stability to isolated chloroplasts.

INTRODUCTION

Although living organisms
- have the capacity to grow and maintain
metabolic activity between 2°C and 100 °C, individual organisms have
much narrower temperature limits. The limits of temperature at which
different organisms thrive may be related to membrane stability
(Kleinschmidt and McMahon, 1970). Pearcy et al. (1977) cited evidence
identifying photosynthesis as the most thermal sensitive process in
cellular metabolism. Santarius (1975) compared the effects of heat on
four different chloroplast stroma enzymes and found them to be inactivated at much higher temperatures than the photosynthetic process
suggesting that chloroplast membranes are the most thermal sensitive
component of the photosynthetic apparatus agreeing with Daniell et
al. (1969).
The photosynthetic apparatus of many plant species is capable of
physiological acclimation to changes in the prevailing temperatures.
Pearcy (1978) suggested that thermally induced changes in chloroplast
lipids are related to the greater thermal stability of the photosynthetic
apparatus

at higher growth temperatures.

High growth temperatures have consistantly been shown to induce
increased saturated/unsaturated fatty acid ratios in lipids (Kleinschmidt
and McMahon, 1970; Pearcy, 1978; Holton et al. 1964). The higher
proportions of saturated fatty acids in lipids could increase thermal
stability of membranes due to higher melting temperatures. Although
all membrane lipids do not exist in the same fluidity state at any given
temperature, the cells are able to function as long as enough of the lipids
maintain the proper level of fluidity.
Shinitzky and Henkart (1979) suggested that although membrane
fluidity can be affected by changes in lipid composition and
saturated/unsaturated fatty acid ratios, lipid/protein ratios as well as
changes in sterol levels can also be important factors. Chapman et al.
(1983) suggested that the optimum fluidity levels in pea thylakoids is
maintained by the lipid/protein ratios rather than changes in lipid
composition.
Pearcy (1978) stated that iflipids are important in conferring thermal stability to photosynthesis, the mechanism is very complex. Pearcy (1978) further suggested that the theory postulated by Anderson (1975)
identifying the galactolipids monogalactosyldiglyceride (MGDG) and
digalactosyldiglyceride (DGDG) as components of the membrane fluid
bilayer and sulfoquinovosyldiglyceride (SL) and phosphatidylglycerol
(PG) as protein boundary lipids could be significant.

Chen et al. (1982) stated that although high temperature adaptations
have been reported for many noncrop plants, very little information
is available concerning adaptations in crop plants.
Comparisons of electrolyte leakage from heated chloroplasts isolated
from Sorghum bicolor cv. Funks hybrid 522 (milo) and Triticum
aestivum L. cv. Arthur (wheat) grown at 20 °C and 31°C suggest that
milois more thermotolerant than wheat (unpublished data). The principal objective of this study was to compare milo and wheat grown at
20 °C and 31°C to ascertain what, ifany, correlation exists between
chloroplast lipids and thermotolerance.
MATERIALS AND METHODS
Plant Materials and Growth Conditions.
Seeds of milo (Sorghum bicolor cv. Funks hybrid 522) and wheat
(Triticum aestivum L. cv. Arthur) were grown in two Sherer model CEL
37-14 environmental chambers at constant day/night temperatures of
20 °C or 31°C programmed for sixteen hours of light and eight hours
ofdarkness with the lightintensity increasing in the morning and decreasing in the evening to simulate normal environmental conditions. Each
growth chamber contained eight 100-watt incandescent bulbs and sixteen mixed Sylvania soft-white and Gro-lux fluorescent tubes.
Isolation of Chloroplasts.
Chloroplasts were isolated from 5-10 grams ofleaf tissue by modifications of the methods ofLeech (1966) and MacKender and Leech (1974).
The deveined leaves were cut into small pieces into a Waring blender
containing 70 milliliters of ice-cold 0.3M sucrose in 67mM Sorensen
phosphate buffer (pH 6.8) and homogenized by turning the blender on
high for 5 seconds then off for 5 seconds. This on-off procedure was
continued for one minute of grinding time.
The homogenate was filtered through one layer of nylon hose which
was squeezed to remove as much crude filtrate as possible from the
macerated leaf tissue. This removed most of the leaf fragments. The
crude filtrate was filtered through eight layers of nylon hose three times
(do not squeeze) to yield the crude chloroplast suspension.
The filtrate was centrifuged at 3000xg for 15 seconds at 4°C in a Sorvall RC2-B superspeed refrigerated centrifuge using a Sorvall 50ml
capacity swinging bucket head. The pellet was collected, resuspended
in 10ml of cold buffer in 0.3M sucrose and layered on top of 10ml of
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phosphate buffer in 0.4M sucrose

(pH6.8) and centrifuged at 500xg for
12 minutes. The pellets consisted primarily ofintact chloroplasts as determined under phase contrast microscopy using a Wild Heerbrugg M20
)hase microscope under 400x magnification. Intact chloroplasts appear
jright green with bright halos while ruptured chloroplasts appear gray
and lack the halos.

Lipid Extraction and Isolation.
The chloroplast pellet was dried under N2 and resuspended in 5ml
of methanol. The chloroplasts in methanol suspension were heated under
N2 at 55 °C ina water bath to break the lipids away from the proteins
inthe membranes being careful not to let all of the methanol evaporate.
The chloroplasts in methanol suspension were transferred to a 15ml
glass vial and enough chloroform added to make a 2:1 chloroformmethanol suspension with a total volume of 15ml (MacKender and
Leech, 1974). Vials were oven preheated at 35 °C. After 15 minutes,
N2 was again bubbled through the suspension and the cap was screwed
down tightly. Vials were left in the oven overnight (about 15 hours).
The suspension was transferred to a test tube and fifteen ml of 2M
KC1 were added and mixed thoroughly by bubbling N2 through the
suspension. After standing a short period of time, the suspension
separated into two layers with the chloroform and lipids on the bottom. The upper layer was aspirated and discarded; 2M KC1 was again
added and mixed thoroughly under N2 The upper layer was aspirated
and discarded. The chloroform suspension remaining was washed twice
with 10ml of distilled water which was aspirated off and discarded.
The chloroform suspension was passed through a column of
anhydrous Na 2 SO4 to remove all water, collected in a clean, weighed
vial, and dried under N2 in a water bath at 35 °C. The vial containing
the lipids plus large quantities of pigments was reweighed. The weight
of the contents was determined by subtracting the weight of the vial.
The lipid-pigment extract was stored in the freezer at -20°C until

.

analyzed.
Separation of Lipids by Thin Layer Chromatography.
Twenty-five grams ofsilica gel G (Ace. to Stahl) were mixed with 50ml
ofethanol and water (1:1) to form a homogeneous slurry. Glass TLC
plates (20cm x 20cm) were coated with the silica gel G slurry 250 microns
thick using a Desaga Brinkman spreader. After drying, the plates were
stored in a Brinkman storage cabinet over anhydrous CaSo 4 until used. (TLC plates were activated by heating 30 minutes at 110 °C just prior
to use.)
Two dimensional thin layer chromatography was used to separate
the lipid species according to the method ofSchwertner and Biale (1973).
The lipid extract was resuspended in 100 /il of chloroform. Twenty
microliters of lipid extract were transferred to the TLC plate, dried under

N2 and placed in the developing tank containing chloroform-methanolwater (65:25:4). Following lipidseparation, the plate was removed from
solvent system 1 and dried under N2 The front was measured and the
silica gel scraped off to remove any impurities which could interfere
with the separation of the second solvent system. The plate was rotated
90 °C an,d immersed in acetone-acetic acid-water (100:2:1) which effectively separated the galactolipids and sulfolipids from the phospholipids.
The addition of acetic acid to the acetone helped prevent trailing, the
loss of neutral lipid fatty acids, and contamination by other lipids
(Schwertner and Biale, 1973).
Lipid spots were visualized with iodine and outlined using a clean
scribe before the color faded. Measurements were made and RF values
calculated for each solvent system. The different lipidspecies were identifiedusing standards and RF values published by Schwertner and Biale
(1973). The spots were scraped from the plates into clean, oil-free 15
ml vials. Nine lipid classes were separated: phosphatidylserine (PS),
phosphatidylinositol (PI), phosphatidylcholine (PC), sulfoquinovosyldiglyceride (SL), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), digalactosyldiglyceride (DGDG), diphosphatidylglycerol
(DPG), and monogalactosyldiglyceride (MGDG).

.

Transesterfication of Lipids.
Transesterfication of lipid fatty acids was accomplished by adding
and 0.5ml of 5% HC1 in lipopure

0.5ml of 2,2-dimethoxypropane

methanol (Applied Science Laboratories). After bubbling N2 through
the solution, the vials were loosely capped and placed in an oven at
50 °C for 10 minutes. N2 was again bubbled through the solution. The
mouth of the vial was covered with teflon tape, the cap was screwed
down tight, and the vials incubated overnight in the oven at 50°C (12-15
hours).

Following transesterfication, an equal volume of deionized water was
added followed by 3ml ofn-hexane. The mixture was mixed by vigorously bubbling N2 gas through the mixture. The upper hexane layer containing the fatty acid methyl esters was drawn off with a Pasteur pipette
and dried by passing it through an anhydrous Na 2 SO4 column. The effluent was collected in a clean vial. This procedure was repeated three
times to remove all fatty acid methyl esters from the aqueous layer.
The Na 2SO 4 column was washed with 5ml of n-hexane which was also
collected in the vial.
The n-hexane fatty acid mixture was evaporated under N2 in a water
bath heated at 45 °C. The fatty acid methyl esters were resuspended in
25 jtl of carbon disulfide for injection onto the gas chromatograph.
Carbon disulfide gives a smaller peak than hexane and a better base
line with a hydrogen flame detector (Allen and Good, 1971).
Gas Chromatography and Quantitation of Lipids.
The concentrated fatty acid methyl esters were chromatographed on
a Beckman gas liquid chromatograph with a matched pair of 6 foot
x 2 mm IDglass columns containing 15% diethyleneglycol succinate
(DEGS) on chromosorb W (HP) 100/120 mesh. Separation was accomplished with a column temperature of 175 °C (isothermic), detector temperature of 250 °C, and a helium flow rate of 40 ml/minute.
Sample injections were made using the solvent-flush technique.
The retention time of each methyl ester was determined using standards obtained from Sigma Chemical Company and data reported by
Allen et al. (1966). The retention time ofeach fatty acid was calculated
relative to palmitic acid using three runs ofeach fatty acid methyl ester.
The lipid fatty acids were quantitated by multiplying the peak height
by the peak width at one half peak height. Measured peak areas were
converted to a molar quantity (mole adjusted peak area) by multiplying the peak area by a proportionality factor calculated by dividing the
molecular weight of each fatty acid by the molecular weight of the internal standard, heptadecanoic acid. The fatty acid composition ofeach
lipid was expressed as the mole percent of that lipid. The chloroplast
lipids were quantitated by the method of Allen and Good (1971). These
data were compiled from two samples of leaves from each species
analyzed. Lipid analyses were repeated three times per sample.
RESULTS
The fatty acid composition of both wheat (Table 1) and milo (Table
2) chloroplast lipids showed higher ratios of saturated/unsaturated fatty
acids grown at 31 °C in seven of the nine lipids analyzed (Tables 3 and 4).
Palmitic acid (16:0) was the major saturated fatty acid in both milo
and wheat. Significant increases in palmitic acid (16:0) were determined for PG ( + 21.4%), PE ( +20.3%) and DPG ( + 16.9%) in wheat while
only SL (+14.4%) showed significant increase in milo chloroplasts.
Stearic acid (18:0) did not appear to change significantly with growth
temperature in either species studied. Although increasing at 31 °C in
seven of nine wheat lipids analyzed, the increase was significant only
in PG ( +7.5%), the most abundant chloroplast phospholipid. Stearic
acid (18:0) increased in only four of nine milo lipids analyzed. Minor
increases did occur in MGDG ( + 1 .6%) and DGDG ( + 2.7%), the two
most abundant chloroplast lipids.
Monoenoic fatty acids (16:1, 18:1) were found in all lipids analyzed
from both wheat and milo. However, the data does not suggest any
significant temperature induced rearrangement of these acids.
Surprisingly, linoleic acid (18:2) was the most abundant fatty acid
isolated from all wheat lipids analyzed at 20 °C. Inmilo, however, linoleic
acid (18:2) was the second in abundance to palmitic (16:0) in PG, which
was the most abundant phospholipid in both species. Decreases in
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Table 1 Fatty acid distribution in the various lipid species of wheat chloroplasts (mole percent).
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Table 2. Fatty acid distribution in the various lipid species of milo chloroplats (mole percent).
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linoleic acid (18:2) occurred in all wheat chloroplast lipids analyzed exare more significant on the basis
of total lipids since DGDG is the second most abundant chloroplast
lipid. Linoleic acid (18:2) decreased in seven of nine milo lipids at 31°C.
The most significant decrease occurred in SL (- 11.3%). Significant
increases were observed in milo PE, but this is a very minor chloroplast
cept SL and DGDG. These increases

lipid.

Contrary to reports by Pearcy (1978), hexadecatrienoic acid (16:3)
to be a component of all lipids analyzed in both wheat and
milo. However, growth temperature induced alterations appear minor
and unpredictable in all lipids analyzed from both wheat and milo.
Although linolenic acid (18:3) has been reported as the major
chloroplast lipid fatty acid (Pearcy, 1978; Allen et al., 1966; MacKender
and Leech, 1974), data reported here do not concur. Linolenic acid (18:3)
was lower in concentration than linoleic (18:2) in all lipids analyzed
in both wheat and milo. Contrary to previous reports, both a and
linolenic acid (18:3) were found in all chloroplast lipids isolated from
both milo and wheat.
Twenty carbon fatty acids were found in all chloroplast lipids analyzed
from both plant species. Dienoic and trienoic species 11,14 eicosadienoic
acid (20:2) and 11,14, 17 eicosatrienoic acid (20:3) were the major twenty
carbon fatty acids with trace amounts of eicosaenoic acid (20:0).
Temperature induced alterations in these fatty acids were inconsistent.
Monoenoic fatty acids did not appear to be significant markers for
temperature induced lipid alterations. Therefore, measurements of
temperature induced changes in the degree ofunsaturation of chloroplast
lipids were based on dienoic and trienoic acids (Tables 3 and 4). Changes
in levels of saturation of MGDG, DGDG, SL, and PG are of major
importance. MGDG and DGDG are the most abundant chloroplast

(Table
lipids while PG and SL are the
- two most abundant phospholipids
-

5). PG ( -41.8%), DGDG (

10.7%), and MGDG ( 3.3%) from wheat

chloroplast registered decreases

in the sum of dienoic and trienoic
a slight increase. Milo,
however, showed decreased levels ofunsaturation of fatty acids in all
four of these lipids. The largest drop in unsaturation occurred in SL
(-12.2%) while the smallest drop occurred in PG (-1.8%) in sharp
contrast to PG unsaturation at 31°C from wheat.
fatty acids at 31°C while SL ( +7.6%) posted

was found

The role of MGDG and DGDG as the major chloroplast lipids of
both species makes any changes in their concentrations important to
note. MGDG increased slightly in wheat at the higher growth
temperature decreasing slightly in milo. DGDG, however, was altered
in the opposite direction, decreasing slightly in wheat while increasing
by the same amount in milo. The ratios of MGDG/DGDG (Table 5)
at increasing growth temperature also registered inexplicable changes
with growth temperature increasing in wheat at 31°C while decreasing
in milo.

CONCLUSIONS

Raju et al. (1976) suggested that the lipids of biomembranes may play
a significant role in thermophily. Fatty acid analyses of lipids extracted
from thermophilis fungi (Raju et al., 1976), higher plants (Pearcy, 1978),
and thermophilic alga (Kleinschmidt and McMahon, 1970) suggest that
saturated fatty acids predominate at higher temperatures.
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Table 3. A comparison of saturated to unsaturated fatty acids, percent dienoic fatty acids,
dienoic and trienoic fatty acids in lipids isolated from wheat grown at 20 °C or 31°C.
100)

|(x
20°C 31°C
Lipid

Sat/Unsat.

percent

trienoic fatty acids, and the sums of percent

7.

%

Trienoic

Dienoic

20°C

31°C

20°C

31°C

(Di ? Tri)
Polyunsat.

20°C

31°C

Phosphatidylserine

27.6

38.1

37.7

59.3

Phosphatidylinositol

44.6

27.1
26.5

64.8

28.2

26.8
36.1

32.5

23.0

28.2

Phosphatidylcholine

27.1

31.1

38.5

32.2

25.5

30.0

71.1
64.0

64.3
62.2

Sulfoquinovosyldiglyceride

30.4

21.2

35.9

42.6

27.7

28.6

63.6

71.2

Phosphatidylglycerol

14.0

54.7

49.5

23.2

30.7

15.2

80.2

38.4

Phosphatidylethanolamine

9.1

31.3

48.0

27.8

34.1

27.4

82.1

55.2

Digalactosyldiglyceride

17.4

30.5

41.7

41.8

32.9

63.9

28.7

22.1
25.7

74.6

25.7

73.5

54.4

31.4

22.1

30.0

64.7

61.4

Diphosphatidylglycerol

19.0

46.2

Monogalactosyldiglyceride

25.5

23.3

47.8
42.6

Table 4. A comparison of saturated to unsaturated fatty acids, percent dienoic fatty acids,
dienoic and trienoic fatty acids in lipids isolated from milo grown at 20°C and 31°C.
(x 100)

Sat/Unsat.

percent

trienoic fatty acids, and the sums of

7.
Dienoic

%
Trienoic

20°C

31°C

20°C

31°C

20°C

31°C

Phosphatidylserine

26. A

47.3

39.9

29.4

29.2

Phosphatidylinositol

32.0

33.0

37.0

35.0

Phosphatidylcholine

23.2

25.8

45.5

Sulfoquinovosyldiglyceride

19.3

39.9

39.8

Phosphatidylglycerol

47.4

51.7

Phosphatidylethanolamine

33.9

28.4

Digalactosyldiglyceride

36.1

Diphosphatidylglycerol
Monogalactosyldiglyceride

Lipid

percent

(Di + Tri)
Polyunsat.

20°C

31°C

27.9

69.1

57.3

22.3

25.1

59.3

60.1

39.5

27.4

26.6

72.9

66.1

33.1

32.9

27.4

72.7

60.5

29.8

44.9

26.2

9.3

56.0

54.2

32.2

48.1

29.9

16.8

62.1

64.9

31.8

44.0

38.8

20.4

20.7

64.4

59.5

34.6

60.0

34.2

22.6

28.8

25.4

63.0

48.0

24.4

31.8

39.8

41.3

26.9

22.7

66.6

64.0

Bowler et al. (1973) postulated that the membrane is the primary
lesion of heat death and that changes in the properties of membranes
during thermal acclimation may be responsible for resistance to heat
stress.-,

Data reported by Cossins (1976) on the effects of high temperature
on crayfish indicated that thermal acclimation has no effect on the
overall phospholipid class distribution or content agreeing with data
presented here. Further analyses of data led Cossins (1976) to conclude
that the primary event leading to the breakdown of membrane
permeability may not be a breakdown of the bulk membrane lipid bilayer
due to increased fluidity or phase change but rather may be the result
of changes in the specific lipid halos of specific membrane bound enzymes thus inactivating these enzymes.
Farkas and Csengeri (1976) suggested that differences in the fatty
acid synthesizing systems would facilitate the production of the necsesary
chain lengths and saturated to unsaturated proportions at a particular
temperature. They expressed confidence that this type of regulation is
sensitive and rapid enough to ensure the proper functioning ofcell membranes under changing conditions.
The well-known relationship between phase transition temperatures,
carbon chain length, and double bonds explains why the same lipids
species may have different temperatures for phase transition.

One might postulate that lipidfatty acid rearrangement confers thermal stability by increasing the phase transition temperature due to the
higher melting temperatures of more saturated lipid fatty acid.
The fatty acid rearrangement associated withincreased temperatures
were similar to those reported in leaf senescence. Newman et al. (1973)
found that senescence resulted in a decline in linolenic acid (18:3) with
a concomitant relative increase in palmitic acid (16:0).
Tables 3 and 4 support the reported conclusions of Kleinschmidt and
McMahon (1970), Holton et al. (1964), and others, indicating that plants
adjust to higher growth temperatures by increasing the ratio of saturated
to unsaturated fatty acids of their lipids. Itis tempting to relate these
changes to the relative thermal sensitivity ofeach plant species analyzed.
Wheat appears to adjust the saturated/unsaturated ratio primarily
in PG, DPG, PE and DGDG in decreasing order, while milo adjusts
primarily in DPG, SL, PS and MGDG. Since MGDG, DGDG, and
PG are the most abundant chloroplast lipids, one could assume that
changes in these lipids would be most important inconferring thermal
stability. Bjorkman et al. (1976) included SL withPG as the major lipids
involved in conferring thermal stability due to Anderson's (1975) theory
identifying PG and SL as the membrane protein boundary lipids (halos)
even though SL is a relatively minor chloroplast component (5-7%).
The difference in the ratio of saturated to unsaturated fatty acids
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Table 5. The lipidcomposition of wheat and milo chloroplasts grown
at 20 °C or 31°C (mole percentage of total lipid).
Wheac

2O°C

l.iptd

Phosphatidylserine

Milo

31°C

2O°C

31°C

Phosphatidylinositol

1111
2
2
3
2

Phosphatidylcholine

6

5

6

Sulfoquinovosyldiglyceride

6

5

6

7

10

11

11

10

Phosphatidylglycerol
Phosphatidylethanolamine

7

1111

Digalactosyldiglyceride

28

Diphosphatidylglycerol

1111
44
40
38
41

MonORalactosyldiglyceride
K.itto of
The

r- ¦

¦

.

MCDn/DCnC

.

¦ 1 1 i•

are the means

1.46

26

1.69

31

1.29

33

1.15

of triplicate analyses.

from isolated wheat and milo chloroplasts grown at 20 °C and those
grown at 31°C showed the expected increases at higher temperatures.
However, all lipid species did not alter their lipid fatty acid equally.
Chloroplast PG isolated from wheat grown at 31°C showed increased
saturated/unsaturated ratio of more than 40%, while PG isolated from
milo chloroplasts increased less than 4%. Analyses ofSL fatty acid from
wheat and milo showed increases of 20% in milo (31 °C) and an unexpected decrease of 9% in wheat (31 °C).
If,as the evidence suggests, milo is more thermal tolerant than wheat,
then changes in saturated/unsaturated fatty acids of the two proposed
membrane fluid bilayer lipids indicate that SL is more effective than
PG in conferring thermal stability to these membranes. The rise in SL
isolated from milo grown at 31°C coupled withits significant drop in
unsaturation could also be important. Furthermore, a comparison of
temperature induced changes in dienoic and trienoic fatty acids of PG
and SL in wheat and chloroplast lipids suggests that decreased levels
of trienoic fatty acids in milo, although small, may be more imoprtant
in conferring thermal stability than dienoic fatty acids.
Milo appears to be more heat tolerant because it seems to adjust to
increased temperatures by decreasing the trienoic acid content ofboth
SL and PG while dienoic fatty acids increase in both SL and PG. Wheat
apparently adapts to higher temperatures by large decreases in the dienoic
content of PG with slight increases in SL. The slight difference observed between the trienoic fatty acids of PG from wheat ( 16%) and
milo (- 17%) suggests that chloroplast PG would have littleeffect on
the apparent difference in thermal tolerance of these two plants. These
observations place greater importance on the trienoic acid changes in
wheat and milo chloroplast SL. Although these changes are small in
comparison to PG (-6% in milo and +1% in wheat), they may be
very important due to the significant decrease observed in milo SL.
The second possibility relating thermal tolerance to the stability of
the membrane fluid bilayer is facilitated by adding the assumption that
Anderson (1975) was correct in identifying galactolipids as the major
lipids of the chloroplast membrane fluid bilayer.
The saturated/unsaturated fatty acids of MGDG show the expected
increase at increased growth temperature in milo ( +7%) while an unexpected decrease occurred in wheat (-2%). DGDG exhibited changes
fatty acid ratios just opposite of those of
in saturated/unsaturated
MGDG with wheat increasing as expected (+ 12%) and milo decreasing ( 4%). A comparison of temperature induced changes in wheat
and milo galactolipids indicates a slight downshift in MGDG concentration in milo at 31°C. This could be important considering its possible role in the membrane fluid bilayer and the most abundant membrane lipid.
The ratios of MGDG/DGDG further cloud the elucidation of the
relationship of these lipids and membrane stability. Wheat showed increased MGDG/DGDG at increasing temperature while milo showed
decreased ratios with increasing temperature (Table 5).
The possible functions of the other lipids are unknown. All except
PC (5-7%) appear in very small quantities.

-

—

Result of these experiments suggest the presence of 20 carbon acyl
groups associated with all chloroplast lipid classes analyzed. This data
is contrary to previous fatty acid analyses of chloroplasts isolated from
corn (Leese and Leech, 1976), Atriplex lentiformis (Pearcy, 1978),
spinach (Allen et al., 1966;, and Allenand Good, 1971), barley (Newman
et al., 1973), Viciafaba (MacKender and Leech, 1974), and others, where
18 carbon acids were the longest reported. Twenty carbon fatty acids
have been reported in numerous lower plants including algae (Jamieson
and Reid, 1976), fungi (Sawicki and Pisano, 1977), and others. Twenty carbon fatty acids have also been isolated from poikilothermic
animals, e.g., crayfish (Cossins, 1976) and carp (Farkas and Csengeri,
1976). Reports of twenty carbon fatty acids in Ginkgo biloba leaves
(Gellerman and Schlenk, 1972) was of special interest because of its
position as a primitive gymnosperm.
Data presented in this study agree with results reported by Gawer
et al. (1983) showing linoleic (18:2) as the major lipid fatty acid of tobacco cells grown at temperatures ranging from 12°-35°C followed in
decreasing order by palmitic acid (16:0) and linolenic acid (18:3) at most
growth temperatures. Tremolieres and Lepage (1971) reported high
linoleic acid (18:2) concentrations in leaves from dark grown pea
seedlings.
Hitchcock and Nichols (1971) suggested that mineral deficiencies and
low light intensity decrease the concentration of 18:3. The fatty acid
distribution reported in this data may suggest cellular contamination
of isolated chloroplasts.
These data seem to support the conclusion of Bjorkman (1975) conferring major significance to the protein boundary lipids SL and PG in
conferring thermal stability to chloroplast membranes primarily by
decreasing the trienoic acid composition of SL.
Gawer et al. (1983) reported that their data supported that of
Tremolieres et al. (1982) suggesting that no single factor, such as
temperature, can control the ability of a cell to adjust the degree of
unsaturation of its cellular lipids. Genetic factors are also involved. The
importance of genetic differences in temperature adaptation expressed
in modifications of chloroplast lipid fatty acids was also reported by
Horvath et al. (1983).
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ABSTRACT

Crotalus scutulatus scutulatus crude venom was separated into two fractions by Concanavalin
A Sepharose 4B affinitychromatography. The proteins binding to Con A exhibited phosphomonoesterase
(orthophosphoric monoester phosphohydrolase
EC 3.1.3.2), phosphodiesterase,
5 '-nucleotidase
(5 '-ribonucleotide phosphohydrolase EC 3.1 .3.5), phospholipase A(phosphatidate 2-acylhydrolase EC
3.1.1 .4), hyaluronidase (hyaluronate glycanohydrolase EC 3.2.1 d), N-benzoyl-L-arginine ethyl esterase,
p-toluenesulfonyl-L-arginine methyl esterase, L-amino acid oxidase (L-amino acid: 02 oxidoreductase
[deaminating] EC 1.4.3.2), and caseinolytic activities. Thrombin-like and NAD nucleosidase
(5 '-ribonucleotide phosphohydrolase EC 3.1 .3.5) activities were not observed.
The crude venom and the fraction containing the glycoproteins which bound to Con A were fractionated
by DEAE Sephadex A-50 ion exchange chromatography. Each of these samples yielded fractions having
caseinolytic activities.

INTRODUCTION
The Mojave rattlesnake (Crotalus scutulatus scutulatus) is a medium
sized snake found in a diagonal band from the Mojave Desert in California to northern Guanajuato and northwestern Queretaro in Mexico
(Klauber, 1972). C. s. scutulatus venom is among the most toxic of the
rattlesnake venoms of the numerous species comprising the genus
Crotalus occurring in the United States (Pattabhriaman et al., 1978;
Glenn and Straight, 1978). Venom toxicity (Glenn and Straight, 1978),
venom properties (Glenn et al., 1983) and clinical symptoms of
envenomation (Hardy, 1983), however, may vary with the geographical
distribution of this species.
Rattlesnake venoms are complex mixtures consisting mostly of proteins having enzymatic activity. Although enzymes contribute to the
deleterious properties of the crude venoms, the lethal components are
reported as peptides and nonenzymatic proteins (Dubnoff and Russell,
1971; Bonilla and Fiero, 1971; Russell et al., 1976). To substantiate
this further, Pattabhriaman et al. (1978) used Sephadex G-100 (Fine)
and DEAE Sephadex A-50 to obtain lethal fractions from C. s.
scutulatus venom. Of these fractions, toxic fraction C (obtained by gel
filtration) was a basic polypeptide (MW 9,000) while toxic fraction K
(obtained by ion exchange chromatography of gel filtration peak B)
had a molecular weight of 20,000. Bieber et al. (1975) described the
lethal toxin of Mojave rattlesnake venom as one of the nine fractions
obtained by chromatography of the crude venom using DEAE Sephadex
A-50. The lethal toxin was further characterized as being a protein cardiotoxin having a molecular weight ofabout 22,000 and consisting of
two subunits. Cate and Bieber (1978) reconstituted Mojave toxin from
an acidic subunit and a basic subunit. The basic subunit had
phospholipase A2 activity. Cast iIonia et al. (1981) and Ho and Lee (1981)
reported that Mojave toxin, like other snake toxins having phospholipase
A2 activity, has a presynaptic site of activity.
This study involves C. s. scutulatus venom enzymes. Mojave rattlesnake crude venom and the venom proteins having an affinity for
Concanavalin A are analyzed for a variety of enzymes withspecial emphasis being placed on proteinase (caseinolytic) activity.
MATERIALS AND METHODS

Lyophilized C. 5. scutulatus venom was provided by Dr. H. L.
Stahnke of Arizona State University. N-benzoyl-L-arginine ethyl ester
(BAEE), p-toluenesulfonyl-L-arginine methyl ester (TAME), 5 '-adenylic

acid, bis-p-nitrophenyl phosphate sodium salt, beef plasma thrombin,
/3-NAD+ , bovine fibrinogen (F-4000), and bovine albumin Fraction V
were purchased from Sigma Chemical Company; disodium pnitrophenyl phosphate from Nutritional Biochemicals Corporation; Tris(hydroxymethyl)aminomethane, glycine, ammonium molybdate, hydroquinone, sodium sulfite, magnesium chloride, L-leucine, trichloroacetic
acid (TCA), potassium cyanide, potassium hydrogen phosphate, and
calcium chloride were purchased from Fisher Scientific Company;
sodium hydrogen sulfite from J. T. Baker Chemical Company;
hyaluronic acid from Worthington Biochemical Corporation;
magnesium sulfate and sodium hydrogen phosphate from Mallinckrodt
Chemical Works; casein from ICN Pharmaceuticals, Inc.; Sephadex
G-25, Concanavalin A-Sepharose 4B (Con A), DEAE A-50, and columns from Pharmacia, Uppsala I, Sweden.
All enzyme assays were performed with concentrations which had
been adjusted to produce linear rates of substrate hydrolysis during th
incubation intervals. In the crude venom enzyme assays, concentration
of one to two mg per ml were used. Enzyme assays were performed
at pH intervals of 0.5 to determine the effects of pH on enzyme ac
tivities. For protein estimations and in assays for esterase, phospho
monoesterase,
phosphodiesterase, 5 '-nucleotidase, and proteinase a
Beckman Acta C IIIspectrophotometer was used to measure absor
bance. A Spectronic 20 was used to measure absorbance in th
phospholipase A assays. The factors used by Sulkowski et al. (1963)
Bjork (1963), and Richards et al. (1965) for converting phosphomon
oesterase, phosphodiesterase, and 5 '-nucleotidase activities measured
at 37 °C to values at 25 °C were used.
Phosphomonoesterase (Richards et al., 1965), phosphodiesteras
(Richards et al., 1965), 5 '-nucleotidase (Lo et al., 1966; Ging, 1956)
phospholipase A (Marinetti, 1965), N-benzoyl-L-arginine ethyl esterase
(BAEEase) and p-toluenesulfonyl-L-arginine methyl esterase (TAMEase
(Tu et al., 1965; Schwert and Takenaka, 1955), thrombin-like (Sato e
al., 1965), proteinase (Kunitz, 1947; Rick, 1965), and L-amino acid ox
idase (Paik and Kim, 1965) assay procedures included the mino
modifications used in a previous work (Sifford and Johnson, 1978)
Assays for NADnucleosidase (NADase) were performed by the pro
cedure described by Colowick et al. (1951) and Kaplan et al. (1951)
Hyaluronidase activity was measured by the turbidimetric methods o
Kass and Seastone (1944).
Separations using Con A gel were performed by the method of Iscove
et al. (1974) and Aspberg and Porath (1970). A425 mg sample ofcrude
venom was applied to a Con A column (2.5 x 15 cm), at 4°C, which
had been equilibrated with 500 ml of 0.05 M ammonium acetate
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Table 1 Mean specific enzyme activities of Crotalus scutulatus scutulatus crude

PH

Specific Activity

Enzyme
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Phosphomonoesterase
Phosphodiesterase
Phospholipase

7.0
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7.5

8.0
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10.0

10.5

Q94
10.0
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9.0
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9.5
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9.5
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.
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10.5

0.020

11.0
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11.0
0.013

acid solution
hyaluronic
J
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0.0 at 2 mg/ml

NADase
TAMEase
BAEEase
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8.0

68g

800

8.5

9.0
5?6
9.0
252Q

g50

7.0

7.5

8.0
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32Q

172Q

2560

26Q0

L-araino acid oxidase**

F

9.0
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A
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M

*

8.5

6Q

Thrombin-like
5

venom at various pH values.

9.5
3Q4
9.5
244g

8 0
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Hyaluronidase activity is expressed as Turbidity Reducing Units/mg.
L-amino acid oxidase activity is expressed as ul 0 2 /mg/hr.

buffer (pH 7.0) containing 0.5 M NaCl and 0.5 mM each of CaCl 2,
MnCl2,and MgCl2. The bound glycoproteins were eluted with0.05 M
ammonium acetate buffer (pH 7.0) containing 0.5 M NaCl and 0.1 M
a-methyl-D-mannoside. Fractions were collected using a Buchler Fraction Collector. Eluates of 4.5 ml each were collected at a flow rate of
17 ml/hr. The eluates were stored at -20°C within 2 hrs after collection.
DEAE Sephadex A-50 ion exchange chromatography fractionation
was accomplished by the methods of Cheng and Ouyang (1967) and
Ouyang et al. (1971). The crude venom (425 mg samples) and later the
binding protein samples obtained by Con A affinity chromatography
were applied to the ion exchange column which had been equilibrated
previously with 0.05 M ammonium acetate (pH 8.0). The first stage
gradient elution was performed with 800 ml of 0.05 M ammonium
acetate (pH 8.0) in the mixing vessel (plastic bottle, 9 cm diameter x
16.5 cm) and 1000 ml of 0.25 M ammonium acetate (pH 6.0) in the
reservoir (plastic bottle, 9 cm diameter x 16.5 cm). The second stage
gradient elution was performed with 0.25 M ammonium acetate (pH
6.0) in the mixing vessel and 0.9 M ammonium acetate (pH 5.4) in the
reservoir. Acetic acid and aqueous ammonia were used to adjust pH.
The flow rate from the column was adjusted to 17 ml per hour and
an eluate of3.25 ml per tube was collected by using a Buchler Fraction
Collector. These eluates were stored at -20°C within two hrs after
collection.
RESULTS AND DISCUSSION
Crude C. s. scutulatus venom enzyme activities were influenced by
changes in pH. Crude venom phosphomonoesterase, phosphodiesterase,

5 '-nucleotidase, BAEEase, TAMEase, proteinase, L-amino acid oxidase, phospholipase A, and hyaluronidase activities were observed.
Thrombin-like and NADase activities were not observed in the crude
venom (Table 1).

Fractionation of the crude venom with Con A yielded two fractions;
Fraction I(F-I) composed of non-binding proteins and Fraction II(FII)composed of binding glycoproteins (Fig. 1). The bound proteins of
F-II were obtained by elution using a-methyl-D-mannoside (Fig. 1).
Phosphomonoesterase, phosphodiesterase, 5 '-nucleotidase, phospholipase A, L-amino acid oxidase, hyaluronidase, TAMEase, BAEEase,
and proteinase enzymes were present in F-II. Neither thrombin-like nor
NADase activity was observed in the Con A-binding fraction (Table 2).
Fractionation of the crude venom with DEAE Sephadex A-50 and
ammonium acetate buffer at 4°C by two stage elution yielded 12 fractions. Seven fractions eluted during the first stage and five fractions
eluted during the second stage (Fig. 2).
After obtaining the above preliminary results, proteinase activity was
chosen for more intensive study. A broad distribution of proteinase
activity was observed in the crude venom fractions obtained by DEAE
Sephadex A-50 chromatography (Fig. 3).
Fraction F-IIobtained by Con A affinitychromatography of the crude
venom was pooled, lyophilized and desalted by using G-25 Sephadex.
After relyophilization, the desalted mixture was applied to a DEAE
Sephadex A-50 column. After a two stage fractionation at 4°C using
ammonium acetate buffer, the eluates were assayed for proteinase activity. Proteinase activity was found in the first portion of the first elution, while the remaining portion of the fractionation, after tube 75,
had lesser activities (Fig. 4).
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Table 2. Mean specific activities of Concanavalin A-binding enzymes
of Crotalus scutulatus scutulatus venom*.
Fraction II
Enzymes

Specific

Activities

Phosphomonest erase

49.7

Phosphodiesterase

26.2

Phospholipase

500

A

Thromhin-like

0.0

5"-Nucleotidase

8.7

Proteinase

0.23
25

Hyaluronidase**

0.0

NADase
TAMEase

710

BAEEase

2000

L-amino acid

oxidase***

327

* All enzyme assays were performed at the optimum pH obtained by using
the crude venom.
** Hyaluronidase
activity is expressed
as Turbidity Reducing Units/mg
*** L-amino acid oxidase
is expressed as ul/hr/mg.

.

Figure 1 Chromatography of Crotalus scutulatus scutulatus crude

venom (425 mg) on Concanavalin A Sepharose 4-B column (2.5 x 15
cm) by two stage elution. The arrow indicates the start of the second
stage

elution (using a-methyl-D-mannoside).

Figure 3. Distribution of Crotalus scutulatus scutulatus crude venon
proteinase activity in the eluates obtained by DEAE Sephadex A-50ion
exchange chromatography. The arrow indicates the start of the seconc
indicates protein content estimated by absorbancy a
stage elution.

—

Figure 2. Chromatography of Crotalus scutulatus scutulatus crude
venom (425 mg) on DEAE Sephadex A-50 column (2.5 x 60 cm) at 4°C
by two stage gradient elution with ammonium acetate buffer. The
arrow indicates the start of the second stage elution.

Phospholipase A2, 5 '-nucleotidase, phosphodiesterase, deoxyribonuclease, ribonuclease, adenosine triphosphatase, phosphomonoesterase, NADase, exopeptidase, hyaluronidase, and L-amino acid oxidase
are present in snake venoms. Crotalidae venoms are especially noted
for their proteinases and L-arginine-ester hydrolases (Jimenez-Porras,

1970; Suzuki, 1966; Tu etai, 1965; Friederich and Tu, 1971). Isozymes
of the above enzymes have been purified from several venoms (Doery
and Pearson, 1961; Kawauchi etat., 1971; Wells and Hanahan, 1969;
Braganca and Sambray, 1967; Saito and Hanahan, 1962; JimenezPorras, 1970; Shiloah et al., 1973; Maeno and Mitsuhashi, 1961; Sato

280 nm. Rates ofsubstrate hydrolysis in 20 min/ml eluate as indicatec
by change in optical density (AOD)in 20 min is shown by
Specific
activity expressed as proteinase units hydrolyzed per mg of venom
•
S
(PLM ) is indicated by
.

——

—.

etal., 1965; Delpierreef o/., 1973; Deutschand Diniz, 1955; Pfleiderer
and Sumyk, 1961; Murata et al., 1963; Maeno et ai, 1959; Shaham
et al., 1973; Suzuki, 1966; Sifford and Johnson, 1978). Five hemorrhagic toxins with proteolytic activity were isolated from C. atrox venom
(Bjarnason and Tu, 1978). Thus, multiple proteolytic enzymes are apparently quite common in rattlesnake venoms. The results presented
herein substantiate this in that the caseinolytic activities were present
in the DEAE A-50 fractions of the C. s. scutulatus crude venom anc
the Con A-binding fraction.
Denson et al. (1971) reported the absence of thrombin-like activity
in C. s. scutulatus venom. In our study using C. s. scutulatus venom
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and pharmacology of salivary gland secretions.
Chromatographic separation of the basic proteins from some North
American rattlesnake venoms. J. Chromatogr. 56:253-263.
BRAGANCA, B. M., and Y. M. SAMBRAY. 1967. Multiple forms
of cobra venom phospholipase A. Nature, Lond. 216:1210-1211.
CASTILONIA, R. R., T. R. PATTABHIRAMAN,F. E. RUSSELL,
and H. GONZALEZ. 1981. Electrophysiological studies on a protein fraction (K) from Mojave rattlesnake (Crotalus scutulatus
scutulatus) venom. Toxicon 19(4):47 1-479.
CATE, R. L., and A. L. BIEBER. 1978. Purification and characterization of Mojave (Crotalus scutulatus scutulatus) toxin and its
subunits. Arch. Biochem. Biophys. 189:397-408.

Figure 4. Distribution of proteinase activity in the eluates from DEAE
Sephadex A-50 ion exchange chromatography ofFraction IIfrom Concanavalin A-Sepharose 4B affinity chromatography of Crotalus
scutulatus scutulatus crude venom. The ion exchange chromatography
was performed on a column 2.5 x 27 cm at 4°C by two stage elution.
The arrow indicates the start of the second stage elution. Protein content estimated by absorbancy at 280 nm is shown by
Rates of
substrate hydrolysis in 20 min per ml eluate measured by change in optical density (AOD) are indicated by . Specific activities ofFraction
IIproteinase (PU^S) are indicated by •

—

—.

— —.

the absence of thrombin-like activity is also reported.
Since a synthetic substrate (bis-p-nitrophenyl phosphate sodium salt)
was used for the assay of phosphodiesterase, it was not possible to differentiate whether the enzyme is exonuclease or endonuclease.
NADase activity was not observed in C. s. scutulatus venom at a concentration of 2.0 mg/ml. Tatsuki et al. (1975) reported, with few exceptions, only very weak NADase activity in the venoms of the genera
Crotalus, Bothrops, Bitis, Vipera, and Trimeresurus. No NADase activity was found for several members of the genus Crotalus including
C. adamanteus, C. atrox, C. durissus, C. viridis viridis and C. basiliscus.
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ABSTRACT
Channel catfish were injected with Edwardsiella ictaluri and stocked at increasing temperatures and
densities. Bacteriological examination of kidney, liverand spleen revealed the greatest numbers of organisms
in fish from the highest temperature and stocking density tested. Survival time was the shortest for fish
held at the highest temperature and stocking density. Increased temperature and crowding were directly
proportional to the number of organisms recovered from the organs and inversely proportional to fish
survival time.

INTRODUCTION
The commercial catfish farming industry as an important facet of
American agriculture has grown into multimillion dollar proportions.
Fish farming tends to be more profitable when fish are raised at high
densities. These intensive culture practices serve to continually expose
fish to environmental stressors that are chemical, biological, and physical
in nature. Wedemeyer (1970) stated that stress requiring an adjustment
that exceeds a fish's ability to accommodate will be lethal; however,
less severe stress willpredispose to physiological disorders or to infectious diseases iffish pathogens are present.
Bacterial diseases occur in nature. Some fish diseases are caused by
obligate bacterial pathogens while others are due to facultative opportunistic organisms that produce infections only when fish are crowded,
injured, or suffer from environmental stresses (Wedemeyer et al., 1976).
Physical trauma or stress is not essential for the production ofdisease
by obligate pathogens but would simply increase the chances for infection. Intheir natural wild habitat fish are able, in most cases, to seek
the best livingconditions available (Warren, 1981). Inhatcheries or commercial aquaculture ponds, they must live under conditions imposed
upon them.
Fish diseases have been associated with management stress. This type
of stress includes temperature fluctuations of 10 C or more, drug treatment, hauling, handling, and stocking. An additional management stress
is the high population density required in intensive fish culture
(Wedemeyer and Wood, 1974).
As fish culture becomes more intensive, we can expect to encounter
additional organisms which previously may have been overlooked in
mortalities that occurred in natural waters (Meyer, 1966). Also, as
population densities increase with intensive culture, the effects of
crowding, poor water conditions, inadequate nutrition, or other stress
conditions may induce pathogenic effects from otherwise saprophytic
bacteria (Meyer, 1966). Data are available that suggest environmental
stresses may provide a major cause for the development of certain
diseases under pond conditions.
Edwardsiella ictaluri, is the causative agent of enteric septicemia of
catfish (ESC). ESC is a newly discovered bacterial disease ofcultured
channel catfish. Although the range of this disease is unknown, it constitutes an economic threat to the catfish industry. In this present study,
the effects of temperature and crowding on the pathogenicity of the
organism were examined.
METHODS AND MATERIALS

Throughout the experiment one 760 L plastic tank (Living Stream,
Frigid Units, Inc., Toledo, Ohio) was used as a holding tank. The

research aquaria included three 60 L plexiglass tanks and one 180 L
soapstone tank. Each tank was equipped with one or two aquarium
heaters for temperature maintenance as well as charcoal filters and air
stones which were attached to aeration pumps.
Inorder to minimize the chlorine content, warm tap water was used
to filleach tank. The tanks were allowed to set for 48 hours after filling to allow stabilization and permit further loss of chlorine. The pH
was adjusted to 7.5 with sodium bicarbonate since tap water was found
to be acidic.
Fish for the entire experiment were donated by Mr. Tommy Keuter
of Keuter's Lake, Paragould, Arkansas. The fish were placed in the
760 L holding tank where they were held for 48 hours prior to injection and transfer to research aquaria. The size of fish averaged 95.37
g in weight and 19.18 cm in length, with weight and length ranges from
89.18 to 118.95 g and 16.56 to 20.29 cm respectively (Cooper, 1983).
The bacterium used for this study was E. ictaluri strain #571. The
culture was obtained from Thomas Schwedler, Mississippi Cooperative
Extension Service, Stoneville, Mississippi. Upon receipt, the organisms
were transferred to brain heart infusion (BHI) agar and incubated for
48 hours at 25 C. Washings were made with BHI broth and aliquots
were then lyophilized. Lyophilized cells were kept at 4 C. Fresh cultures
for infecting fish were prepared by inoculating BHI broth with lyophilized cells and incubating at 25 C for 24 hours.
Fish to be innoculated were first anesthetized by placing them in a
solution of 80 ppm of tricane methanesulfonate (MS-222, Argent
Chemical Laboratories, Redmond, Washington) to minimize handling
stress. Anesthetized fish were then injected intraperitoneally using a
5/8 inch 25 gauge needle. Each fish was given a 0.05 ml inoculum which
contained approximately 1.3 x 10' cells.
Fish were sacrificed beginning 48 hours post injection. The length
and weight of each fish were recorded to the nearest 0.01 unit.
The ventral area of each fish was disinfected using an iodine-alcohol
solution and portions of the lower left ventral lobe of the liver, the entire spleen, and the center portion of the kidney was aseptically re-moved.
Organs were weighed to the nearest 0.1 mg using an analytical balance.
Each organ was ground in a 7.0 ml Pyrex Tissue Grinder (Corning
Glassworks, Corning, New York). The homogenate was then serially
diluted using sterile water and plated onto BHIagar using the spread
plate technique for making standard plate counts. Plates were incubated
for 48 hours at 25 C. Only colonies that appeared identical to E. ictaluri were counted. Confirmation was made by randomly picking
typical colonies and subjecting them to a series ofbiochemical cultivation tests as well as gram stains. The isolates were tested in triple sugar
iron agar (TSI), methyl red-Voges Proskauer broth, indole test broth,
nitrate broth, and citrate agar (Simmon's).
Temperature studies were done using a constant stocking density of
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Table 1 Effect of temperature on E. ictaluri infection in channel catfish.

logi^ bacteria/g tissue/fish/day

£id^

jj^

Sjj^

No. of days
of survival

21

0.86

0.85

0.90

9

15

12

25

1.45

1.77

1.91

5

15

9

29

4.40

4.42

4.72

2

15

8

Temperature

(°C)

Average

Only fish known to have been dead less than eight hours
1 fish/ 12 L of water at a pH of 7.5. Temperatures were maintained
by aquarium heaters with an accuracy of ± 1.5 C. Temperatures of
21, 25, and 29 C were tested. The crowding studies were conducted
using one fish per 8, 10, and 12 Lof water. The same pH of 7.5 was

maintained along with a constant temperature of 23 C.
Fish in both studies were sacrificed at a rate of two per day. Aquaria
were checked at no less than eight hour intervals and only fish that had
been dead less than eight hours when found were processed as well as
those that were moribund. Control fish for both studies were also
used. They were stocked at the same temperatures and stocking densities as infected fish. Control fish were processed in the same manner
as the infected fish and held for the same period of time.
RESULTS

The results suggested a direct relationship between increasing
and stocking densities and the number of bacteria
recovered from the organs.
In all of the temperature studies the highest number ofbacteria per
g of tissue per fish per day was recovered from the spleen (Table 1).
The number ofbacteria found in each organ increased with an increase
in temperature. The greatest number of organisms was found in the
spleen at the 29 C temperature with the lowest numbers being present
at 21 C (Table 1). At higher temperatures fish became illin a shorter
period of time.
The greatest numbers ofbacteria per organ were recovered from fish
held at a density of 1 fish/8 L of water. The lowest numbers were
recovered from fish held at a density of 1 fish/12 Lof water. In two
of the three studies, the spleen was again the organ containing the
greatest bacterial numbers. The study using 1 fish/ 10 Lhad the highest
recovery from the liver with the spleen having the second highest
numbers (Table 2). Fish held at higher densities developed symptoms
faster than those at lower densities (Table 2).
The physical symptoms displayed by infected fish were similar in all
cases. These included petechial hemorrhaging at various sites, gross
discoloration of the skin, excess mucous, gastric bloating, thromboses
of the mesentery and intestines, an enlarged and discolored spleen, and
ascites.
temperatures

DISCUSSION
Adverse temperatures and increased population density are considered
physical and biological stressors respectively. These factors have a

a

were examined.

negative impact on fish in intensive culture resulting in stress that
predispose fish to disease.
Increased water temperature has been documented as a cause for the
increase in outbreaks of bacterial infection in fish culture. This is explained by the fact that at higher temperatures certain bacterial species
multiply faster resulting in an increase in the number of organisms present. This allows for the greater numbers ofbacteria to infect the host
and overwhelm the host's defenses.
The behavior of a fish in response to a change in temperature may
vary according to its biological condition (Love, 1970). The studies conducted with conditions of increasing temperatures revealed a decrease
in the survival time of the fish and a more rapid onset of symptoms.
More severe and rapidly developing infections were also observed in
the crowding studies with the more densely populated fish. This suggested that increased temperatures and population density result in a
more rapid onset of disease. Crowding, like other stresses, probably
triggers the release of stress-related hormones that tend to act as immunosuppressives and the amount released is dependent upon the intensity of the stressor. The immune response is more or less inversely
proportional to the quantity of stress hormones released (Flagg and
Hinck, 1978).
In the fish injected with the bacterium and held at lower temperatures,
the disease took longer to manifest itself. Umminger (1970) in his work
with Fundulus heteroclitus found a decrease at low temperatures in those
serum proteins which correspond to human gamma globulins. He also
noted that disease erupts more rapidly in fish in warmer water and suggested that since pathogens grew more slowly at low temperatures there
is less need for an immune response.
The most general response to stress, from whatever source, is a pronoifnced rise in blood sugar (Doudoroff, 1957). This phenomenon is
thought to occur to provide extra energy to the stressed fish to allow
it to escape a stressful situation (Thorpe and Ince, 1974). This increase
in blood sugar could have been beneficial in providing a source of food
for the bacteria and helping to maintain greater numbers.
Catecholamine levels in the blood become increased due to stresses
such as muscular agitation, asphyxia, hemorrhage, and wounding as
demonstrated by Muzeaud (1964), using Cyprinus carpio. Wedemeyer
(1969) found that the quantity of 17-hydroxycorticosteroids
and
catecholamines released during stress is dependent on the intensity of
the stressor. These hormones lower the resistance of the host thus affecting its immunological response. The catecholamine adrenaline also
causes an increase in the blood glucose level. Adrenaline has been shown
to be responsible for the blanching of skin color displayed by certain
species of fish such as Pterophyllum scalare (Adler, 1975). When cer-
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Table 2. Effect of crowding
Volume of Water

(liter/fish)
v

—

Average \og.~ bacteria/g
tt—

—-

tissue/fish/day

No. of days
of survival

No. of fish

injected/examined
J

Kidney

Liver

Spleen

2.58

2.62

2.79

3

12

10

10

2.28

2.88

2.34

3

12

9

12

1.45

1.30

1.53

6

12

11

t8
a0nly

on E. ictaluri infection in channel catfish.

a

fish known to have been dead less than eight hours were examined.

tain species of fish are frightened the dark particles of melanin in the
pigment cells contract. In this study blanching was seen in nearly all
injected fish.
Plasma cortisol levels have been noted to rise in response to stress
in Oncorhynchus kitsutch and Salmo gairdneri (Wedemeyer, 1969).
Wedemeyer (1969) also noted that the ascorbic acid content of the
adrenals decreased during stress, with an accompanying decrease in an
animal's resistance to infection.
Spleen enlargement was detected in all of the infected fish. Some forms
of stress are known to have a significant effect on the hematological
response. Capture stress, for example, in Labeo umbratus caused a
decrease in the concentration of hemoglobin (Hattingh and van Peltzen,
1974). The reduction in blood constituents can result in splenomegaly.
These changes in blood content occur as a result of infection.
Splenomegaly might be a result of infection-induced hematological
changes or it could be attributed to increased antibody production
and/or increased phagocytic activity of the spleen as a consequence of
increasing bacterial numbers.
Several stresses acting on Cyprinus carpio were found by Szakolcazai
(1969) to elicit the detachment of the mucous epithelium from the intestine, with consequent leakage of serum into the lumen. This could
explain the serosanguineous fluid found in the peritoneal cavity of the
fish.
The most characteristic external lesion is the presence of a raised or
open ulcer on the frontal bone of the skull between the eyes (Plumb
and Schwedler, 1982). Inthe current study, this lesion was found on
one occasion. This is probably because fish were artificially injected
with the bacterium by a method which caused the disease to manifest
itself more quickly than it would have with a natural infection. The
lesions very likely require a more prolonged exposure to the bacterium,
therefore producing a slowly developing disease.
The results of this study demonstrated that both warm temperatures
and crowding tend to favor the development of E. ictaluri infections in
channel catfish. This information may be of value to fish farmers who
generally practice high density culture methods. These data suggested
that ifE. ictaluri infections should appear in a farming operation it
might be important to reduce the number of fish per pond. This would
seem especially important during warmer weather.
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HETEROGENEITY OF THE SPAWNING
POPULATIONS OF SURF SMELT IN THE
STATE OF WASHINGTON
RAJ V. KILAMBI
Department of Zoology
University of Arkansas

Fayerteville, AR 72701
ABSTRACT
Biometric comparisons of three spawning populations of surf smelt, one from Pacific Coast and two
from Puget Sound, were made. The Puget Sound populations (Hood Canal and Utsaladdy) were more
similar to each other compared to the ocean populations. The Hood Canal and Utsaladdy smelt exhibited
least distance function, D2, and greater overlap of meristic characters compared to the Lapush fish. It
was postulated that the Puget Sound smelt populations were derived from the ocean smelt some 13,000
or more years ago.

INTRODUCTION
The surf smelt, Hypomesus pretiosus is distributed in the eastern
Pacific from Prince William Sound, Alaska to Monterey Bay, California (McAllister, 1963). The surf smelt occurs on the Washington coast
as well as in Puget Sound.
Thompson (1936) observed surf smelt spawning season to extend from
May to September on the outer coast of the Olympic Peninsula,

Washington, in the vicinity of Cedar Creek; in Puget Sound it extends
from May to the following March but smelt do not spawn on all of
the beaches at the same time (Schaefer, 1936).
There has been no detailed biometric study to investigate population
heterogeneity. This paper discusses the biometric comparisons of three
spawning populations and evaluates the origin of the surf smelt populations in the State of Washington.

Figure 1. Spawning localities for surf smelt at Hood Canal and Utsaladdy in Puget Sound and Lapush on the coast of Washington.
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There were no differences in the mean vertebral counts
among the sexes or among the samples within the localities. The numbers
of vertebrae were not different between the year classes but the differences among the localities were significant. There was no significant
difference between the Hood Canal and Utsaladdy smelt, but these two
populations showed significant differences with the Lapush fish that
had the lowest mean vertebral count (Fig. 2).
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Meristic Characters:
Regression analyses of standard length on the
numbers of vertebrae, gill rakers, pyloric caeca and pectoral fin rays
showed no correlations. For any given character, differences between
any two spawning populations were tested by the least significant difference (1st) analysis (Steel and Torie, 1960).
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Gill rakers
Within each of the spawning localities, the average
numbers of gillrakers were not different either for the sexes or among
the samples. Yearclass differences within the localities approached
significance. Each spawning population differed significantly from the
others with the Hood Canal smelt having the lowest and the Lapush
fish the highest count (Fig. 2).
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Figure 2. Meristic statistics plots showing mean (central triangle), two
standard errors on either side of the mean (solid bar), and one standard deviation on each side of the mean (hollow bar).

MATERIALS AND METHODS
Three spawning populations, from Lapush on the Pacific Coast, and
Utsaladdy and Hood Canal in Puget Sound were selected for a detailed
study (Fig. 1). The smelt spawn during summer (May October) at
Lapush and Utsaladdy and in the fall (August December) in Hood
Canal. All the smelt samples for this study were collected in 1962 and
1963 as the fish moved toward the beaches for spawning.
Smelt from Utsaladdy were obtained from the catches of a commercial fisherman who fished under my supervision using a 61 m long beach
seine having 3.5 cm stretched mesh size in the wings and 3.2 cm mesh
size in the 30.5 m long center portion of the seine. Icollected the Hood
Canal samples by a 37 m long beach seine having 3.8 and 1.9 cm

-

-

stretched mesh size in the wings and the bag, respectively. The Lapush
samples were obtained by the seine used at Hood Canal, from the Seattle
fish market, and from the Quillayute Indians who used a 110 m long
beach seine of 2.5 cm stretched mesh size.
Soon after collection, fish were preservd in 10% formalin. From these
collections, samples of 100-150 smelt were taken to include the extreme
size range represented in the collections and equal numbers of males
and females ifavailable. From each fish, data were recorded for the
counts of vertebrae, gill rakers, pyloric caeca, and pectoral fin rays;
for measurements of standard length, predorsal length, pectoral fin

No differences were evident between the sexes, samples,
Pyloric caeca
and year classes within the localities. The Lapush fish had significantly higher average pyloric caecal counts than did those of Utsaladdy and
the Hood Canal smelt (Fig. 2).

—

Pectoral fin rays Within each of the spawning populations the average
pectoral fin ray counts were the same among the sexes, the samples,
and the year classes. The Lapush and the Utsaladdy populations had
similar counts (Fig. 2) that were significantly higher than that of the
Hood Canal smelt.
The Lapush smelt can be separated from the Hood Canal fish by
all four (100%) of the meristic characters used in this study and from
the Utsaladdy fish by three characters (75%). The Puget Sound
(Utsaladdy and Hood Canal) spawning populations showed heterogeneity in only two characters (50%).
Generalized distance function, D2 (Mahalanobis, 1936) was used to
separate the smelt spawning populations. This function provides a
measure of distance between two populations based on a combination
of characters and from this function percent overlap was determined,
an indication of the maximum extent to which two populations share
identical characters (Royce, 1957; Mais, 1972; Sharp et al., 1978). The
D2 and overlap estimates for the smelt populations using all the four
meristic characters are given in Table 1 The Puget Sound (Hood Canal
and Utsaladdy) populations exhibited the least distance function and
greater percent overlap ofcharacters compared with the Lapush population. The Hood Canal and Lapush populations were widely separated
as indicated by high D2 and low overlap values.

.

Morphometric Characters: Linear regression analyses were used for
all the relationships. Ifthe differences between sexes in one area are
significant for a particular character, then, for convenience sexes are
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Table 2. Details of regression of body

Body Part

Regression Equation

Locality

N

Hood Canal

251

0.1593

Utsaladdy

231

0.1901 X

+

Lapush

176

0.1997

X

Hood Canal

251

Utasladdy

X + 4.8024

S

Adjusted Body
Part (mm)

yx

24.71

0.2941

1.5702

24.05

+

0.8872

1.2385

25.84

0.4971 X

+

0.2485

1.0696

62.38

231

0.5067 X

2.0052

1.2385

61.33

Lapush

176

0.5106 X

-

1.7024

1.1986

62.12

Hood Canal

202

0.1856 X

+

0.9412

0.9681

24.14

Utsaladdy

181

0.2394 X

-

5.0967

1.1726

24.83

Lapush

127

0.1576

X

+

4.4988

1.5348

24.20

Hood Canal

251

0.1460

X

+

1.4713

0.6365

19.72

Utsaladdy

231

0.1267 X

+

3.4630

0.7584

19.30

Lapush

176

0.1316 X

+

1.8290

0.7348

18.27

Length

Body Depth

Pectoral Fin
Length

length (X)for male surf smelt and body part adjusted to 125 mm standard length.

1.3501

Head Length

Predorsal

part (Y) on standard

treated separately for that character in all three areas. For the pectoral
fin length-standard length of the females and the eye diamester-head
length comparison, error mean squares were used in convariance analyses
for testing locality differences. For the rest of the comparisons, mean
squares due to samples and years were used in the covariance analyses,
as the differences between the samples and between the years or both
were significant within the localities. Adjusted means were calculated
for a standard length of 125 mm and a head length of 25 mm which
were approximately the averages of the smelt from all the areas. The
regression equations are given in Table 2, 3, and 4.

—

Head length on standard length
Sexual demorphism was exhibited
by the Hood Canal and Lapush populations. Males showed significant
differences between the Utsaladdy and Lapush smelt and the Lapush
fish had greater head length than the Puget Sound populations (Table
female smelt of Utsaladdy and Hood Canal were not different
this character but differed significantly from the Lapush fish. The
>od Canal and Utsaladdy females had the longest and smallest head

(The

hibited sexual dimorphism with the the females having deeper bodies
than the males (Tables 2 and 3). Males of the three populations
showed no significant difference but among the females, the Utsaladdy population had significantly deeper bodies than did the Lapush
populations (Table 3).

—

Pectoral fin length on standard length
The three smelt populations
showed sexual dimorphism. Comparison of the populations by sexes
indicates no differences between Hood Canal and Utsaladdy but these
Puget Sound populations were significantly different from the Lapush
smelt in having longer pectoral fins (Tables 2 and 3).
Eye diameter on head length

— No sexual

dimorphism was

present

within the populations, hence data for sexes were combined for further analysis. Each spawning population was different from the other
two and the Utsaladdy smelt had the largest eye diameter followed by
Lapush and Hood Canal (Table 4).

gths, respectively (Table 3).

—

length on standard length
Sexual dimorphism was pret among the Utsaladdy and Hood Canal populations. There were
differences between the three populations and adjusted predorsal
|ths are shown in Tables 2 and 3.

Eedorsal

— The Lapush and Hood Canal populaBody depth and standard length
tions showed no differences between sexes but the Utsaladdy smelt ex-

Of the five morphometric characters, the males of the Hood Canal
population showed significant differences in one (20%) and two (40%)
characters with the Utsaladdy and the Lapush populations, respectively, whereas the Utsaladdy and the Lapush populations differed in three
As for the females, the Hood Canal differed in one
(20%) and three (60%) characters with those of Utsaladdy and Lapush
fish, respectively. The Utsaladdy and Lapush females differed
significantly in four (80%) characters.

(60%) characters.

Published by Arkansas Academy of Science,
1985 Academy of Science Proceedings, Vol. XXXIX,1985
Arkansas

61

63

Journal of the Arkansas Academy of Science, Vol. 39 [1985], Art. 1
Heterogeneity of the Spawning Populations of Surf Smelt in the State of Washington

Table 3. Details of regression of body

Body Part

Head Length

part (Y) on

standard length (X) for female surf smelt and body

N

Hood Canal

198

0.1660

X

+

90

0.1836

X

+

Lapush

187

0.2019

X

-

Hood Canal

198

0.4985 X

+

90

0.5191 X

Utsaladdy

Predorsal

Length

Utsaladdy

Body Depth

Regression

-

adjusted to 125 mm standard length.

S

Adjusted Body
Part (nun)

4.3468

0.8034

25.09

0.9572

1.3642

23.90

0.2722

1.1642

24.96

0.6888

0.8995

63.00

3.0854

1.1648

61.80

2.5543

1.2973

62.23

Lapush

187

0.5183

X

-

Hood Canal

198

0.1902 X

+

0.6162

1.0735

24.39

-

0.3606

1.8918

26.85

66

0.2177

X

Lapush

136

0.1719

X

+

2.4986

2.0365

23.99

Hood Canal

198

0.1135 X

+

3.3850

0.6065

17.57

90

0.1131 X

+

3.5931

0.7483

17.73

0.1118

+

3.2633

0.6704

17.23

Utsaladdy

Pectoral Fin
Length

Equation

Locality

part

Utsaladdy

Lapush

187

X

DISCUSSION AND CONCLUSIONS
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Table 4. Regression of eye diameter (Y) on head length

Locality

N

(X)and eye diameter adjusted to 25 mm head length.

Equation

Regression

S

yx

Adjusted Eye
Diameter (mm)

Hood Canal

449

0.1390 X

+

1.9403

0.3101

5.41

Utsaladdy

321

0.1065 X

+

3.2686

0.5112

5.93

Lapush

363

0.1943

+

0.9322

0.4367

5.78

X

Itis evident from the study of meristic and morphometric characters,
parasite incidence and serology, that the Puget Sound smelt populations are more similar to each other than they are to the Lapush population. This greater similarity among the Hood Canal and Utsaladdy
populations and their dissimilarity with the Lapush population might
be related to the glacial history and the origin of Puget Sound. During

the late Pleistocene (some 15,000 years ago), the Cordilleran ice sheet
advanced from the mountains of western Canada into the Straight of
Juan de Fuca and southward forming the Puget lobe. As the glacier
retreated, sea water entered the glacially scoured troughs shortly before
13,500 years ago (Crandell, 1965). Accepting the concept of the eastern
Pacific as the center of origin for osmerids (McAllister, 1963), the following concept is postulated for the origin of the Puget Sound smelt populations and for the extent of divergence of the populations.
Some 13,000 or more years ago, surf smelt must have entered Puget
Sound during the recession of the Puget lobe in the Vashon Stade. After
their entry, the smelt moved freely in the then estaurine sound waters.
They must have attained maturity at different times of the year as a
result of physiochemical and biological factors. Mixing ofsmelt in the
Puget Sound must have continued over a long period after their original
entry, whereas further invasion by the ocean smelt stopped. Possibly,
with the passing of time, the smelt homed to different places in Puget
Sound. Characters were influenced by the environmental conditions and
were acted upon by natural selection. Divergence between the Lapush
and Utsaladdy-Hood Canal populations is more than that between the
Utsaladdy and Hood Canal because common ancestry for. these two
latter populations presumably continued for some time after their
entry into Puget Sound.
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THE ROLE OF CENTRIOLAR MATRIX AND
STRIATED ROOTLETS IN CENTRIOLAR
PAIRING AND ORIENTATION DURING
SPERMATOGENESIS INHYDRACTINA ECHINATA*
MAURICE G. KLEVE
Department of Biology
University of Arkansas at Little Rock

Little Rock, AR 72204
ABSTRACT
Transmission electron microscopy of the spermatogenic stages of the hydroid, Hydractinia echinata,
reveals a series of complex structural and positional changes in the centrioles of spermatocytes and spermatids. The newly generated centriolar pairs of spermatocytes form an unusual four-centriole aggregate
that persists until cell division. The distal centrioles of this aggregate are shrouded with a very dense
matrix that accumulates after centriolar replication. This matrix facilitates the mechanical attachment between distal centrioles and microtubular nucleating satellites, striated rootlets and pericentriolar processes.
The association of these accessory structures occurs sequentially and is repeated in spermatocytes and
spermatids. An electron dense plaque, which is an extension of distal centriolar matrix, is interposed between centriolar pairs of the aggregate. The plaque structurally maintains the centriolar aggregate and
apparently facilitates the orientation of centrioles to prevent spacial interference while satellites, rootlets
and pericentriolar processes associate with the distal centrioles. Striated rootlets are also involved in maintaining precise spacing and orientation between centriolar pairs. A single striated rootlet emanates from
the base of each distal centriole of the aggregate and attaches with the opposite distal centriole. The
attachment of rootlets to distal centrioles changes the spacing and orientation of centriolar pairs during
the process of precocial flagellar development seen in Hydractinia spermatogenesis.

INTRODUCTION
The scenario of spermtogeneic centriolar propagation, movement and
association with specialized structures is extremely complex in the
Cnidaria (for review see Kleve, 1977). Several aspects of centriolar
behavior and the formation of centriolar specializations which include
microtubular nucleating satellites, striated rootlets, and pericentriolar
processes have been described (Dewel and Clark, 1972; Summers, 1972;
Hinsch and Clark, 1973; Clark and Dewel, 1974; Kleve and Clark, 1976).
These studies have not dealt with the process of propagation and movement ofcenrioles and the formation ofcentriolar specializations in the
same organism. Also, the studies have not releated the various structures in a functional way or demonstrated mechanisms that might account for changes in centriolar pair orientation during spermatogenesis.
Centriolar satellites and their associated microtubules have been
studied in many cell types (DeThe, 1964; Boisson et al., 1969; Tilney
and Gibbons, 1969; Tilney and Goddard, 1970). In Cnidaria, satellites
are involved in both the organization of division centers and the
cytoskeletal phenomena of sperm differentiation (Kleve and Clark,
1976). Pericentriolar processes, which extend from the distal centriolar
matrix of many invertebrate sperm, have been studied in the Cnidaria
(Szollosi, 1964; Summers, 1972; Dewel and Clark, 1972; Kleve, 197;
Kleve and Clark, 1976, 1980). Pericentriolar processes have been shown
to contain the contractile protein actin and are thought to be involved
in the directed motility of chemotactically stimulated sperm (Kleve, 1977;
Kleve and Clark, 1980). Centriolar or basal body rootlets and other
similar striated centriolar structures such as rhizoplasts and kinetoplasts
are ubiquitous components of ciliated eukaryotic cells and have been
studied extensively at the ultra-structural level (for review see Wheatley,
1982). In the last decade striated rootlets have also been studied at the
biochemical level (Stephens, 1975; Salisbury and Floyd, 1978). The
general consensus has been that these structures are in some way responsible for anchoring cilia or flagella and absorbing the force of flagellar
?Supported in part by the Office ofResearch in Science and Technology,
College of Sciences, University of Arkansas at Little Rock and the Ben

J. Altheimer Foundation.

beating. Several investigators have suggested a more dynamic role for
rootlets involving chemical or motive functions. Since the presence of
a calcium dependent contractile protein has been demonstrated
(Salisbury, 1983) these possibilities are more likely.
This report willdescribe the role ofcentriolar matrix in propagation
and movement of centriolar pairs and the association of specializations
with centrioles of Hydractinia echinata spermatocytes and spermatids.
The dense matrix of Hydractinia spermatocyte and spermatid centrioles
and an extension of the matrix, the matrix plaque, facilitates aggregation and orientation ofcentriolar pairs to prevent special interference
when the centrioles associate with satellites, rootlets and pericentriolar
processes. Centriolar rootlets appear to further orient centriolar pairs
to allow flagellar formation which occurs precocially in the spermatocytes of Hydractinia.
MATERIALS AND METHODS
Colonies of Hydractinia echinata were collected from shells occupied
by the hermit crab Pagurus sp. purchased from the Supply Department
of the Marine Biological Laboratory, Woods Hole, Massachusetts. With
few exceptions, the polyps on an individual shell are of one sex allowing easy isolation of male and female colonies. Synchronous gonadal
development of male colonies was induced by exposure to continuous
light for periods of one to seven days (Ballard, 1942).
Individual gonophores containing either synchronous primary and
secondary spermatocytes or spermatids were fixed at room temperature
for 60 min. in a glutaraldehyde-paraformaldehyde mixture (Karnovsky, 1965) buffered in 0.1 M sodium cacodylate (pH 7.2) or 0.1 M
sodium phosphate (pH 7.3). Following a buffer wash, the tissue was
post-fixed for 30 min. in 1.0% osmium tetroxide buffered as above,
rapidly dehydrated in a graded acetone series, and embedded in a low
viscosity epoxy resin (Spurr, 1969). All fixatives and buffers were
osmotically adjusted by the addition of 6% W/V glucose. Thin sections were cut with glass or diamond knives on a Porter Blum MT-2
Ultramicrotome, picked up on uncoated grids, and stained with uranyl
acetate (Watson, 1958) and lead citrate (Venable and Coggeshall, 1965).
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All preparations were examined with a Hitachi HS-8 or RCA EMU 3
electron microscope.
Spermatocyte stages were determined by cell diameter, ratio of
toplasm to nuclear volume, presence of a nucleolus, extent of
chromatin condensation, the number and position of mitochondria, and
the amount endoplasmic reticulum (Hanisch, 1970; Zhihler, 1972; Dewel
and Clark, 1972).

t

RESULTS
The centrioles of Hydractinia spermatocytes and spermatids are
similar to those found in most eukaryotic cells. They consist of nine
microtubular triplets arranged in the typical 9 + 0 pattern (Fig. 1). The
centrioles are 250 nm in diameter and approximately 400 to 500 nm
in length. Inthe spermatids and mature sperm of Hydractinia a distal
centriole can be distinguished from a proximal centriole by the perpendicular arrangement of the centriolar pair (Fig. 2). The distal centriole
is oriented with the longitudinal axis of the sperm and the proximal
centriole lies perpendicular to the sperm axis.
In addition to their orientation and location, structural differences
exist between distal and proximal centrioles. The microtubular triplets
of distal centrioles are embedded in an electron dense matrix which
obscures the fibrous connectives seen between adjacent triplets (compare Figs. 1 and 2). The proximal centrioles of Hydractinia spermatids
and sperm do not possess a matrix making the fibrous connectives readily
visible. Distal centrioles often demonstrate nucleoids in their core while
such structures are not observed in proximal centrioles (Fig. 3).
The differences between proximal and distal centrioles of spermatids
are evidenced in the newly generated parent-daughter centriolar pairs
of primary and secondary spermatocytes. In addition to the differences
in density of matrix seen between parent and daughter centrioles, the
daughter centriole of a spermatocyte centriolar pair contains a set of
internal radial spokes located in the centriolar core (Fig. 4). This "cartwheel" structure is similar to that seen in other newly generated daughter
centrioles (Anderson and Brenner, 1971). Cartwheels are rarely seen
inmature centrioles and have not been observed in the matrix-clad distal
centrioles of Hydractinia. Newly generated daughter centrioles are considered to form without a matrix which must accumulate as the centriole ages (Anderson and Brenner, 1971). This report willrefer to the
dense matrix-clad centrioles as distal and the matrix-less centrioles as
proximal regardless of their age or location in spermatocytes or spermatids. This classifies the matrix-clad parent centriole of a pair as distal
and the new matrix-less daughter centriole as proximal.
Centriolar replication occurs in primary and secondary spermatocytes
immediately after cell division so four centrioles exist in each spermatocyte during interphase. The four centrioles form an aggregate (Fig.
5) that persists until separation to form spindle poles at the beginning
of the next cell division. The distal centrioles of each pair in the aggregate lie in apposition to each other. Interposed between the distal
centrioles is an electron dense plaque-like structure that has a density
and texture similar to that of the distal centriolar matrix (Fig. 5). The
plaque extends from the centriolar matrix along the longitudinal axis
of the distal centriole. When viewed in cross section the plaque appears
to be continuous with the centriolar matrix at one edge while the other
edge extends into the cytoplasm (Fig. 6). Electron opaque fibrous
material extends from the matrix of each distal centriole of the aggregate
to the interposed plaque, providing what appears to be a framework
for the maintenance of the four centriole aggregate (Fig. 5).
Inthe classic orthogonal parent-daughter arrangement of paired centrioles the axis of the parent is perpendicular to that of the daughter
but lies in the same plane. This orientation is apparent in the centriolar
pair of the early primary spermatocytes before the replication of new
centrioles (Fig. 6). Aftercentriolar replication and aggregation, the axes
of the original distal-proximal centriolar pair have changed pitch and
now lie in different parallel planes (compare the two distal centrioles
of Figure 5, which were a parent-daughter [proximal-distal] pair in the
previous cell cycle, with the pre-aggregation pair in Figure 6).
After aggregation, the four centrioles of primary and secondary spermatocytes migrate to a position near the plasma membrane. When the
centriolar aggregate reaches this polar position, microtubular nucleating

Figure 1. Cross section of a distal centriole found in a secondary spermatocyte. Note the very electron dense matrix in which the microtubular
triplets of the centriole are embedded. X80.000
Figure 2. Longitudinal section of a late spermatid showing the distal
centriole (D) and the proximal centriole (P) situated between two midpiece mitochondria (M). The arrows indicate the fibrous connectives
between the A and C triplet tubules of the proximal centriole. These
connectives are obscured by dense matrix in distal centrioles. X60.000
Figure 3. Longitudinal section of a late spermatid showing a distal centriole lying between two midpiece mitochondria (M). The centriole is
associated with a flagellum (F) and two nucleoids (arrows) which are
situated in the core of the distal centriole. These nucleoids are not seen
in proximal centrioles. X40.000
Figure 4. A cross section of a proximal centriole in a secondary spermatocyte seen shortly after centriolar replication. This centriole
demonstrates a thin matrix around the microtubular triplets. The core
of the centriole contains a cartwheel structure, composed of nine radial
spokes which are typical of newly generated daughter centrioles. X80.000
Figure 5. Athin section passing through two aggregated distal-proximal
centriolar pairs of a secondary spermatocyte. The distal centrioles (D)
demonstrate a dense matrix and a dense plaque is situated between them
(large arrow). A profile view of the central cartwheel (small arrows)
can be seen in the half of each proximal centriole (P) adjacent to the
distal centriole. The two centrioles marked distal (D) are the parentdaughter pair from the preceding cell cycle. X60.000
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Figure 6. A thin section electron micrograph of a distal-proximal centriolar pair found in a secondary spermatocyte. Note the distinct difference in density between the distal (D) and proximal (P) centriolar
matrix. The arrow indicates a dense plaque which emanates from the
distal centriolar matrix. X60.000
Figure 7. Electron micrograph of a distal centriole found in a secondary spermatocyte. Asatellite (S) can be seen attached to the distal centriole by means of a tapered stalk on which the satellite is situated. The
stalk appears to connect with the centriole by means of a plaque (arrow). X80.000
Fij^re 8. Electron micrograph depicting the event of precocial flagellar
(F) formation in a secondary spermatocyte. Two distal centrioles are
visible with intersposed plaque and striated rootlet. Several satellites
(S) are seen either attached to the distal centrioles or lying close to them.

X25.000
Figure 9. High magnification micrograph of the striated appearance
of the rootlet associated with distal centrioles. X180.000
satellites become attached to the distal centrioles and striated rootlets
and pericentriolar processes form. Each of these centriolar specializations appear in primary and secondary spermatocytes and then disapper as the centriolar pairs separate for spindle formation and cell division. These specializations reappear in spermatids and again disappear
as spermiogenesis proceeds with the exception of pericentriolar processes which persist in the mature sperm. There is a discernible sequential pattern to the appearance and disappearence ofcentriolar specializations. Satellites become attached to distal centrioles first followed by
rootlets and then pericentriolar processes.
As these centriolar specializations appear, percocial flagellar biogenesis
also begins. These flagella are complete and form in spermatocytes as
well as spermatids. Flagellar biogenesis begins as an outgrowth or bulge
in the plasma membrane adjacent to the posterior end of the distal centriole (Fig. 8). Both distal centrioles of the aggregate acquire a flagellum.
The result of this precocial synthesis of flagella in spermatocytes are
secondary spermtocytes which are flagellated at the time of cell division. When the second meiotic division is complete, each of the newly
formed spermatids already possesses a flagellum.
Satellites are often seen in the cytoplasm near distal centrioles before
replication and aggregation. After aggregation, satellites are also seen
attached to distal centrioles. These attachments are accomplished by

Figure 10. Electron micrograph of two distal centrioles associated with
a striated rootlet. Two plaques (arrows) can be seen projecting from
the matrix of the distal centriole seen in cross section. Note the attachment of the distal centriole (shown in cross section) to the rootlet by
the 5th and 6th striated bands (bars). X25.000

.

Figure 11 Electron micrograph of a tangential section showing three
centrioles. Note the twincentriolar plaques (arrows) which extend from
the middle distal centriole and the forming pericentriolar processes attached to the rootlet baring distal centriole. X25.OOO
Figure 12. Electron micrograph of a cross section of the posterior region
of a spermatid. The section passes through the distal centriole at the
level of the pericentriolar processes. Nine primary processes can be seen
extending from the centriolar matrix between triplets. X80,000
means of dense tapered stalks (Figs. 7 and 8). The stalks and satellites
are attached to distal centrioles via the centriolar plaque (Fig. 8).
A single striated rootlet (Fig. 8) associates with each of the distal centrioles of the centriolar aggregate just prior to the initiation of precocial
flagellar synthesis. Rootlets have not been observed in association with
proximal centrioles. The rootlets project from the matrix at the anterior
end (the flagellar end being considered posterior) of each distal centriole (Fig. 8). They project into the cytoplasm at an angle 20 to 30
degrees from the centriolar axis, extending 800 to 1000 nm. They are
approximately 80 nm in width at their base where they emanate from
the distal centriolar matrix and gradually taper to a point at their termination. The rootlets have a striated banding pattern similar to that
of other cnidarian cell types (Westfall, 1965) which consists of alternating major and minor bands (Fig. 9). The striated rootlet extending

from the anterior end of one distal centriole is associated withthe matrix
of the second distal centriole in the aggregate (Figs. 10 and 1 1). This
association appears as a solid and consistent connection between the
extended matrix of the second distal centriole and the fifth and sixth
major bands of the rootlet counting out from the rootlet base.
The centrioles of the aggregate lie in a single plane before the appearance of the rootlets making it possible to acquire all four centrioles
in a single thinsection (Fig. 5). As the rootlet appears there seems to
be a general repositioning of the centrioles in the aggregate making it
impossible to cut a thinsection that will pass through all four centrioles.
Most sections willreveal only two centrioles (Fig. 10) but in some fortuitous tangential sections three centrioles are seen (Fig. 11). Serial sections of the aggregate have revealed that all four centrioles are still
present.

After rootlets form, and the centrioles change orientation, pericentriolar processes appear. These processes, which have been studied in
detail at both the ultra-structural (Kleve and Clark, 1976) and
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biochemical level (Kleve and Clark, 1980), appear after

precocial flagellar

biogenesis has begun. The distal centriolar matrix provides the structural media for attachment of pericentriolar processes to the centriole
(Fig. 12). The pericentriolar processes of mature sperm are extensive
and complex with three orders of structure. They consist of primary
processes which attach directly to the centriolar matrix; secondary processes which emanate from the first order primaries; and tertiary processes which emanate from secondaries (Kleve and Clark, 1976). Only
rudimentary primary processes develop in the spermatocytes of Hydractinia. Secondary and tertiary processes appear only during final differentiation of spermatids.
DISCUSSION
Several structural markers can be used to distinguish parent and
daughter centrioles (Anderson and Brenner, 1971). The centriolar matrix,
which accumulates as centrioles age, is always much more dense in the
parent centriole. The perpendicular position of daughter centrioles make
it only possible to view both parent and daughter centriole in thin section when the parent is cut in cross section. The cartwheel found only
in newly generated daughter centrioles provides another marker.
Using these markers, the daughter centrioles synthesized in spermatocytes can easily be distinguished from their parents. Ifit is possible to
judge the age and thus the parent-daughter relationship of a centriolar
pair by the amount of dense matrix accumulated, then the distal centrioles of mature sperm should be parents to the matrix-less proximal
centrioles. Sperm distal and proximal centrioles, although they are
arranged perpendicular to each other, are the opposite arrangement to
parent-daughter pairs found in spermatocytes. In mature sperm, both
distal and proximal centrioles are only visible at the same time in thin
section when the dense matrix-clad distal centriole is cut in profile and
the proximal is cut in cross section. Before aggregation and appearance
ofmatrix plaques and striated rootlets in spermatocytes, the only section that shows both distal and proximal centrioles is one in which the
distal centriole is in cross section and the proximal is in profile. Itappears that the orthogonal parent-daughter arrangement of newly
generated centrioles is rearranged to the opposite configuration before
flagellar synthesis.

lost early researchers, studying ciliated epithelia, concluded that
ited rootlets performed an anchor function to absorb the stress of
iry action (Fawcett, 1958; Gibbons, 1966). Werner (1966) suggested
rootlets might aid in the separation and positioning of centriolar
s. Striated centriolar rootlets have been shown to contain ATPase
vity (Anderson, 1977), a calcium dependent contractile protein
isbury, 1983) and actin has been localized in rootlets (Gordon et
1980). The intimate association of rootlets with distal centrioles prior
lagellar synthesis, and the concomitant change in centriolar pair
ntation, suggests they are in some way involved in the maintenance
rearrangement of centriolar pairs during spermatogenesis. An anr function in the case of sperm flagella is unlikely since rootlets are
isient structures during spermatogenesis and are not present during
period of actual flagellar function.
The distal centrioles of spermatocytes and spermatids are functionally
different from proximal centrioles. Distal centrioles associate with
satellites, rootlets and pericentriolar processes and form the basal bodies
for flagella while proximal centrioles do not. The observation that
only distal centrioles are clad with a dense matrix suggests the unique
nature ofdistal centrioles may be due, in part, to their extensive matrix.
The centriolar plaque, which appears to facilitate the attachment of
specializations to distal centrioles, may be an extension of the matrix
material. Ultrastructurally, the plaque material is indistinguishable from
that of the matrix. The plaque appears to be involved in a variety of
activities. Structural continuity between satellites and the centriolar
matrix is afforded by the cenriolar plaque. The plaque appears to be
involved in some way in the relationship of the two daughter-parent
or proximal-distal centriolar pairs that make up the aggregates seen in
spermatocytes. The position of the plaque between the apposed distal
centrioles suggests that it may affect the maintenance of the aggregate
or the spacial relationship of the aggregated centrioles. The observa-

I

tion that the first appearance of plaques coincides with the change in
centriolar orientation in the aggregate leads credence to the contention
that plaque as well as striated rootlets may function in a dynamic way
to orient centriolar pairs.
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ABSTRACT
A hybrid cell line was formed by fusing cells from two established vertebrate tissue culture cell lines
(V79B1 hamster and A84 Xenopus), which were known to differ substantially in resistance to some
radiation- induced lesions and in associated repair potential. Ultraviolet and gamma ray dose-survival relations were then determined and analyzed for the three cell lines, primarily to compare the radiosensitivity
(Do dose) of the hybrid line with that of each parental line for each radiation. Further experimentation was

conducted to determine the extent to which observed differences in these D o doses could be attributed
to interactions of the combined parental repair potentials in the hybrid. The hybrid line proved to be more
resistant to ultraviolet light-induced lethal damage than either parental line. Supporting experiments involving post ultraviolet irradiation treatments with caffeine and photoreactivating light suggested that this
higher resistance resulted, at least in part, from complementation of the combined V79B1 and A84 dark
radiation repair potentials. Because of these observed responses toultraviolet light plus the observations
that A84 cells were far more resistant to lethal gamma ray damage and exhibited a higher level ofassociated
split-dose repair than V79B1 cells, it was anticipated that the hybrid cell would approach (or perhaps
exceed) A84 cells in resistance to and repair of lethal gamma ray damage. However the gamma ray kinetics
indicated that the hybrid cells differed little from V79B1 cells in both resistance to and repair of such
damage. These kinetics also suggested that the gamma ray repair mechanisms possessed by the two
parental lines differed significantly and, when combined in the hybrid, mutually interfered, resulting in marked
inhibition of the A84 mechanism.

INTRODUCTION
Hybrid cell lines produced from parental mammalian tissue culture
cell lines that differ in radiosensitivity have proved to be fruitful systems
for the study of "interactions" of intracellular mechanisms that
significantly influence cellular radiosensitivity. Little et al. (1972) observed that a hybrid cell line formed by fusion of the C1-1D mouse
fibroblast line and the C7H,2C, rat pituitary line was far more resistant
to X-ray induced cell killing than either of the parent lines. The dosesurvival kinetics observed led these investigators to suggest that some
type of genomic interaction, rather than increase in chromosome
number, was responsible for the increased resistance. Such an increase
in radioresistance was not found for hybrid clones obtained by fusing
cells from closely related Chinese hamster cell lines (Limbosch et al.,
1974). Dale (1977) observed that the X-ray resistance exhibited by a
rodent hybrid line, obtained by a fusion of an X-ray sensitive L5178Y
line with an X-ray resistant L5178Y line, was similar to that of the more
resistant parent. Zampetti-Bosseler et al. (1976) found that hybrids between X-ray sensitive mouse lymphoma cells and mouse fibroblast, that
retained most of the chromosomes from both parents, were more resisthan either parent. However, the radioresistance of hybrids beten mouse fibroblast and hamster fibroblast, that retained unequal
ictions of the two parental chromosome complements, more closely
embled the resistance of the parent that contributed the greater porn of its complement. A limited number ofstudies have indicated that
Tie mammalian hybrid cells also exhibit a higher resistance to
raviolet light (UV)than either of the parent lines (Boyle et al., 1979;
mpetti-Bosseler, 1980). Studies by Limbosch (1982) strongly suggest
that the increased UV resistance observed in some rodent hybrid lines
results from some type of complementation of the two associated parental genetic potentials for repair of UV-induced lesions in DNA. The
hybrid cell lines employed in all of these studies were produced by fu-

IU

sion of cells from closely related (mammalian) cell lines. We thought,
therefore, that interesting and informative additions to the results of
these studies might be obtained by examining interactions of radiation
repair mechanisms in a hybrid line which was produced by fusion of
vertebrate cells that were not so closely related and possessed significantly
different repair potential. Our V79B1 x A84 hybrid line appeared suitable
for this study since it was formed by fusion of cells from two established vertebrate tissue culture cell lines (V79B1 hamster and A84
Xenopus), which were cloned from distantly related species that different considerably in radiation repair properties: A84 cells exhibit a
much higher level of repair of some gamma ray-induced damage and
more efficient enzymatic photoreactivation (PR); V79B1 cells exhibit
more efficient dark repair of some UV-induced damage (Griggs and
Bender, 1972). This report describes UV and gamma ray dose-survival
relations determined to compare the Do dose (radiosensitivity) of the
hybrid line with that of each parental line for both radiations. Further
experimentation was conducted to determine ifobserved differences
in these Do doses could be attributed to interactions of the combined
parental repair potentials in the hybrid.
MATERIALS AND METHODS
Monolayers for routine maintenance of the cell lines were grown in
Fij medium (Gibco) supplemented with 15 percent foetal calf serum
(Kansas City Biological) at 30 °C (A84, A84 x A84, and V79B1 x A84
lines) or 33 °C (V79B1 line) in light-tight incubators containing a
humidified atmosphere of 5 percent CO 2 in air.
The Xenopus parental line (A84) was cloned from the A8W243 line
described by Griggs and Bender (1972). In exponential growth at 30 °C,
A84 cells had an average cycle time of 18 hours and a plating efficiency (PE) of 57 percent. The hamster parental line (V79B1) was cloned
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from V79B line described by Bender et al. (1973). In exponential growth
at 33 °C, V79B1 cells had an average cycle time of 16 hours and a PE
near 65 percent. Both cell lines were characterized by "quasi-diploid"

karyotypes, with 85 percent of the A84 cells containing 38 chromosomes
and 72 percent of the V79B1 cells containing 22 chromosomes.
A PEG (polyethylene glycol, 6000 molecular weight; obtained from
Dr. Joel Bedford of Colorado State University) suspension technique,
quite similar to the one described by Davidson and Gerald (1976), was
used to fuse V79B1 and A84 parental cells. Cell suspensions of 106 V79B1
cells and lO* A84 cells in Fl2 medium at 24 °C (room temperature) were
mixed thoroughly and pelleted by centrifugation in a graduated tube.
The supernate was removed, one ml of cool (24 °C) PEG solution (1
gram PEG/1 ml Fu medium) was added, and the pellet was resuspended
by pipetting. Precisely one minute later, the suspension was quickly
diluted by adding 14 ml of warm (30°C) F,:medium and incubated
for 7 minutes at 30 °C. The suspension of PEG treated cells was recentrifuged and the pellet resuspended in 10 ml of Fresh F, 2 medium at
30 °C. Small drops of this suspension (approximately 0.1 ml) were then
placed into 60 ml Falcon petri plates containing F, 2 medium and the
cultures were incubated at 30 °C. The average number of distinct colonies appearing per plate after 10 days incubation was 12. No simple
efficient procedures, such as those employed for study of nutritional
mutant hybrids, were available for detecting the hybrid colonies on these
plates or separating them from colonies produced by the nonfused parent
cells. The procedures used was straight forward but laborious and time
consuming. Distinct colonies, not located in close proximity to other
colonies, were selected at random from the plates for isolation and
karyotypic examination. Each colony selected was carefully disloged
and removed in total from the plate with the aid of a sterile micropipette
and stereomicroscope and a cell suspension was produced by placing
the colony in a small volume of trypsin solution for about two minutes.
Two cultures were then prepared by seeding about half of the suspended cells into each of two large petri plates containing F l2 medium.
About 85 percent of the pairs ofcultures prepared in this fashion grew
well and produced monolayers when incubated at 30 °C. One monolayer
from each pair was used for karyotyping by conventional techniques
(Griggs and Bender, 1973). When a desirable karyotype was observed
an attempt was made to establish a vigorously growing cell line from
the remaining monolayer. The V79B1 x A84 interspecific hybrid line
selected was progeny of cells from the 97th colony isolated. All experiments with V79B1 x A84 cells were carried out with early generations which had a relatively stable karyotype, with 60 percent of the
cells containing 54 chromosomes (36, A84 and 18, V79B1). Later generations began to lose rodent chromosomes so that by about the 90th
generation 85 percent of the cells contains less than eight rodent
chromosomes. The PE was near 38 percent and the doubling time was
17 hours for early generations of V79B1 x A84 cells in exponential
growth at 30 °C. Cultures of A84 cells were similarly fused and 64 colonies were examined before a suitable A84 x A84 intraspecific hybrid
line was obtained. The line selected had a relatively stable chromosome
complement throughout the experimentation with 69 percent of the cells
containing 74 chromosomes. The PE was near 60 percent and the doubling time was 18 hours for A84 x A84 cultures in exponential growth
at 30 °C.
Allcell cultures used in experiments were incubated before and after

.

Table 1 UVand Gamma Ray Survival Curve Parameters
and Hybrid Cells.
Cell Line

D^

UV

Gamma Ray

n

(JnT 2 )
A84

2.80

A84 x A84
V79B1

V79B1 x

A84

for Parental

Do

n

(rads)

1.5

235

3.00

1.8

235

2.8

5.10

1.5

?8

1.5

7.75

1.4

115

1.6

2.7

Figure 1. Survival of A84 cells (filledcircles), V79B1 cells (open circles),
A84 x A84 cells (filled triangles), and V79B1 x A84 cells (open triangles)
following UV exposures.
treatments in the same medium and in the same environment as the
monolayers for routine maintenance of the cell lines. Vigorously growing
monolayers in petri plates (Falcon) were prepared for gamma ray and
UV irradiation samples. Gamma ray was administered at a dose rate
of39 rads/minute by a custom designed Mark IVCesium 137 irradiator
(J. L. Shepherd; Glendale, CA). The techniques employed in UV irradiation, photoreactivations, caffeine treatments, single cell planting,
colony assaying and other aspects ofdose-survival determinations closely
followed those described previously for A8W243 Xenopus cells (Griggs
and Bender, 1972; Griggs and Orr, 1979). The curve fitting method
described by Porter (1964) was used to obtain Do and n (target
number) values for dose-survival relations.

RESULTS AND DISCUSSION

Figure 1 displays UV dose-survival relations for the V79B1, A84, A84
x A84, and V79B1 x A84cell lines, and the UV section ofTable 1 compares the associated radioresistances (Do doses) and target numbers for
these cell lines. The V79B1 line is substantially more resistant than the
A84 line, yet both lines exhibit a target number near 1.5. The hamster
line from which the V79B1 line was cloned possesses a more efficient

caffeine sensitive dark (nonphotoreactivation) UV repair mechanism
than the Xenopus line from which the A84 line was cloned (Griggs and
Bender, 1972; Cleaver, 1974), suggesting that the difference in UV
resistance observed for V79B1 and A84 cells may be related to differences
in their dark repair potential. The data ofTable 2 tend to support this
notion, indicating that post irradiation caffeine treatments enhance UVinduced cell killing to a greater degree in both V79B1 and V79B1 x A84
cells than in A84 and A84 x A84 cells. The A84 x A84 line differs little
from its A84 parental line in resistance, but interestingly, the V79B1
x A84 line is significantly more resistant than either ofits parental lines.
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I
Table 2. Effects of Caffeine on Survival of A84, V79B1, A84 x A84,
I V79B1 x A84 Cells which have
UV.
Exposed

—

—

and

¦

Experiment
I

been

>

° -U

*
2

Cell

UV Dose

Caffeine Cone.

Surviving

Number

Line

(Jm"2)

(mM/liter)*

Fraction

1

A84

75

2

A8A

75

0
0.80

J?

I

125

0

0.020

A8A

125

0.80

0.019

5

V79B1

75

6

V79B1

75

U

V79B1

125

8

V79B1

125

9

A84 x A8A

75

10

ASA x ASA

75

11

A8A x A8A

125

asa

125

12

x

asa
asa

6

0

0

0.80
0

0.106

o

0.097

—

0.020

o.so

0.022

13

75

1A

V79B1 x A8A

75

0.80

15

V79B1 x A8A

125

0

0 . 1A0

16

V79B1 x ASA

125

0.80

0.022

medium

containing

the

concentration of caffeine from shortly after
until termination of the experiment.

0.A20

„ ,,„
0.1A0

irradiation

It is not likely that this higher resistance is due entirely to an increase
in number of chromosomes (ploidy) or in sensitive targets per cell, since
no comparable increase in resistance of the A84 x A84 hybrid line accompanied its increase in ploidy, and the n values differ little for all
•
•
r complementing
1
u comcell lines involved. Some type of
interaction ofr the
bined V79B1 and A84 dark repair potentials in the hybrid, perhaps
similar to that observed in rat x mouse hybrid cells by Little et al. (1972),
may be responsible for its increased resistance. One might speculate
that the dark repair mechanism of the A84 cells is normally deficient
in one or more critical factors and the V79B1 mechanism is capable
of furnishing levels of these factors in the hybrid environment sufficient to produce efficient repair by both mechanisms, resulting in the
observed higher level of resistance.
Figure 2 depicts results of experiments designed to compare photoreac(PR) ofUV-induced lethal damage in V79B1, A84, A84 x A84,
iV79B1 x A84 cells. The data of panel A indicates that V79B1 cells
libit little, ifany, PR under the experimental conditions imposed,
is result is not surprising, since previous attempts by Griggs and
nder (1972) to photoreactivate UV-induced lethal damage in the V79B
1 line from which the V79B1 line was cloned, were not successful
hough detection of PR enzyme activity in placental mammalian cell
es has been reported (Sutherland et al., 1974). Neither was it sursing to observe that A8 cells PR a high level of UV-induced lethal
mage (panel B, open symbols), since the Xenopus line from which
: A84 line was cloned is replete withPR enzyme. The data of panel
filled symbols) indicate that A84 x A84 hybrid cells exhibit approxately the same level of PR as A84 cells, suggesting that PR efficienis probably not ploidy dependent. Since A84 cells possess a relative:fficient PR mechanism, it was anticipated that this mechanism might
capable of repairing many of the UV-induced lesions in the DNA
both A84 and V79B1 chromosomes in V79B1 x A84 cells, resulting
the detection of a significant level of PR of lethal damage in these
Is. However, attempts to photoreactivate such damage produced the
her confusing data of panel C; the efficiency of the PR mechanism
jears to increase
with increasing dose, becoming significant only after
jut 15 Jm 2. Some insight into this unusual PR response is fur-
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:
Figure 2. UV (circles) and UV + PR (triangles) survival curves for
V79B1 cells (A), A84 cells (B, open symbols), A84 x A84 cells (B,
filled symbols), and V79B1 x A84 cells (C). 12 x 10'Jm 2 PR light was
immediately after terminabeginning
administered
K
e
6
. ....at each dose point,
tion of the UV exposure.

-

.

Table 3. Effects of Caffeine on Photorepair of UV-induced Lethal
Damage in V79B1 x A84 Cells.

indicated
UV

.z

o

0.021

0.80

1

.

?

0.080

o

in

a

•

0.100

V79B1 x

*Cells were incubated

T

8

£

0.300

0.80

w

O

0 05-

0

C

f^o2e

•

I

A84

B
¦

A

0.100

3

*

S

0.105

A

7

j$t» -

to

—

Experiment

UV Dose

Number

(Jm~ 2)

1

PR Dose
(Jm~ 2 )*

°

Cone.

Surviving

(mM/liter)**

0

5.0
5

Caffeine

0

°

Fraction

0.6A0

°- 80

0.305

3

5.0

12,000

0

0.670

4

5 -°

12,000

0.80

0.655

6

10.0

0

10 0

0

10.0

12,000

B

10.0

12,000

9

20.0

0

10

20.0

0

ii

20.0

12,000

L2

20.0

12,000

*PR administration
UV exposure

**Cells were

was begun

0.320

0

o.so

0.I80

0

0.370

0.80

0.355

0

0.050

0.80

0.040

0

0.100

0.80

0.095

immediately after termination

of the

.
incubated

concentration

of

in medium containing

caffeine

until termination of

from

shortly

the

indicated

after UV irradiation

experiment.

nished by the results of experiments performed to determine how postUVcaffeine and PR + caffeine treatments effect repair in this hybrid
line (Table 3). As UV dose increases from 5.0 - 20.0 Jm 2 , the differential in surviving fractions corresponding to UV and UV + caffeine experiments (experiments l,2;5,6;9,10 on Table 3) decreases
significantly, while the differential in surviving fractions corresponding
to the UV + PR and UV + PR + caffeine experiments (experiments
3,4;7,8;11,12; on Table 3) remains practically constant. Thus, V79B1
x A84 cells not only possess a caffeine insensitive PR mechanism which
appears to increase in efficiency with increasing UV dose, but they also
possess a caffeine sensitive dark mechanism which decreases in efficiency with increasing dose. In addition, there appears to be considerable
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Table 4. Survival of A84, V79B1, A84 x A84, and V79B1 x A84 cells
following Gamma ray exposures of 500 rads, administered in two fractions as indicated.
Experiment

Cell

First Fraction

Number

Line

(rads)

Interfraction

Surviving

(rads)

Time (hrs)

Fraction

Second Fraction

1

A84

500

0.0

0.0

0.200

2

A84 x A84

500

0.0

0.0

0.195

3

V79B1

500

0.0

0.0

0.011

4

V79B1 x A84

500

0.0

0.0

0.023

5

A84

250

250

1.0

0.270

6

A84 x A84

250

250

1.0

0.274

7

V79B1

250

250

1.0

0.018

8

V79B1 x A84

250

250

1.0

0.024

9

A84

250

250

2.5

0.311

10

A84 x A84

250

250

2.5

0.306

11

V79B1

250

250

2.5

0.021

12

V79B1 x A84

250

250

2.5

0.030

13

A84

250

250

4.0

0.490

14

A84 x A84

250

250

4.0

0.479

15

V79B1

250

250

4.0

0.031

16

V79B1 x A84

250

250

4.0

0.035

3 and the V79B1 and V79B1 x A84 data of Table 4, the hybrid cells
approach the V79B1 cells in both gamma ray resistance and the
associated level of split-dose repair. Comparison of the A84 and A84

Figure 3. Survival of V79B1 cells (open circles), A84 cells (open
triangles), V79B1 x A84 hybrid cells (filledcircles), and A84 x A84 hybrid
cells (filled triangles) following Cesium-137 gamma ray exposures.
Downward pointing arrow represents a surviving fraction less than 0.01

.

x A84 gamma ray resistance data of Figure 3 and the associated splitdose repair data of Table 4, suggest that increased chromosome numbers
(ploidy) is not responsible for the failure of the combined parental repair
mechanisms to complement in the V79B1 x A84 hybrid. Perhaps the
parental V79B1 and A84 repair mechanisms differ significantly and when
combined in the hybrid, mutually interfere more than complement,
essentially inactivating the A84 mechanism.

overlap in the induced lethal damage subject to dark repair and that
subject to PR, following a given exposure. These data suggest that the
unusual PR response of V79B1 x A84 cells may result from competi-

tion between their dark and PR repair mechanisms, and inhibiting effects of UV-induced aberrant intracellular processes on repair activities.
Perhaps a fraction of the primary damage induced in DNA by a given
UV dose is expressed by aberrant processes as selective impairment of
dark repair (i.e. impairing dark repair more than PR). Neither repair
mechanism is significantly impaired after low UV doses in the range
0-10 Jm~ 2 and the dark mechanism successfully competes with the
PR mechanism, resulting in relatively low levels of PR being observed.
However, as UV dose increases from 10- 30 Jm 2, the differential in
impairment of the two mechanisms increases to the point that significantly higher levels of PR are observed.
Figure 3 and the gamma ray section of Table 1 display data accumulated in attempts to compare gamma ray dose-survival relations
and related repair for A84, V79B1 ,A84 x A84, and V79B1 x A84 cells.
A84 and V79B1 cells exhibit significant differences in both target
numbers and radiation resistance; n = 2.7 and Do = 235 rads for A84
cells, while n = 1.5 and Do = 98 rads for V79B1 cells. These data suggest that the rather pronounced difference in the gamma ray resistance
of these cells is ploidy dependent. However, the associated dosefractionation data in Table 4 clearly indicate that A84 cells possess a
much higher level of split-dose recovery (Elkind and Sutton, 1960) than
V79B1 cells, suggesting that the difference in resistance is closely
associated with differences in repair. Ifthe repair mechanisms for V79B1
and A84 cells were essentially the same, differing only in efficiency,
one might suspect that they would complement in the hybrid, producing a resistance that would approach or exceed that shown by A84
cells interactions of intercellular repair mechanisms of this nature have
been previously observed in rodent hybrid cells (Little et a/., 1972).
However, as indicated by the V79B1 and V79B1 x A84 data of Figure

—
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METHEMOGLOBIN REDUCTION IN THE
PRESENCE OF VARIOUS CONCENTRATIONS
OF OXYHEMOGLOBIN
ALIMANSOURI
John L. McClellan Memorial Veterans Hospital
Little Rock, AR 72205
ABSTRACT
Methemoglobin reduction in human red blood cell is governed by many factors, one of which is the
concentration of oxyhemoglobin. Experiments were conducted to determine the inhibition of methemoglobin
reduction by oxyhemoglobin under concentrations approaching those in the red cell. Hemoglobin,
methemoglobin reductase and cytochrome b5 were prepared by routine protein purification methods.
Methemoglobin reduction was carried out at 37 C C in spectrophotometer. Itis shown that methemoglobin
concentration variation (at least when itis above 1 mM) does not change the reduction rate. Whereas,
the ratio of methemoglobin to oxyhemoglobin determines the rate of methemoglobin reduction when all
other factors remain constant. Itis concluded that in the red blood cell, significant increase of methemoglobin
concentration alters the ratio of methemoglobin to oxyhemoglobin which in turn accelerates methemoglobin
reduction.

INTRODUCTION
Hemoglobin (Hb-Fe 2t ) inside the human red blood cell is continuously oxidized to methemoglobin (Hb-Fe 3 + ). Inorder to restore
the hemoglobin oxygen carrying capacity, the methemoglobin has to
be reduced continuously to hemoglobin.
The major methemoglobin reducing system in the red cell, under
physiological conditions, is the NADH-dependent methemoglobin reductase (cytochrome b, reductase or diaphorase I) (Hultquist, 1978;
Schwartz et al., 1983). Activity of this reductase is maximal at a pH
between 5 and 6. At the red cell pH which is about 7.2, the
methemoglobin reduction rate is suboptimal. In addition, the presence
of large amounts of oxyhemoglobin in the red cell significantly inhibits
the reduction of methemoglobin (Mansouri, 1979). Previous work concerning methemoglobin reduction has been carried out with dilute
methemoglobin solutions. This work was designed to explore the effect of various concentrations of oxyhemoglobin on methemoglobin
reduction under near physiological heme concentration.

MATERIALS AND METHODS
Reduced nicotinamide adenine dinucleotide ((3-NADH), bis-tris,

2,6-dichlorophenolindophenol and pancreatin (Sigma Chemical Company, St. Louis, MO), Inositol hexaphosphate (IHP)(PL-Biochemicals,
Inc., Milwaukee, WI) and Bio-Rex 70 (Bio-Rad Laboratory, Richmond,
CA) were used in this study.
Hemoglobin A was purified according to the following procedure.
Fresh human red cells were obtained by venisection. After separation
of plasma by centrifugation, the red cells (about 15 mis) were washed

three times with 0.15 M NaCl solution at 4°C. The red cells were
hemolysed by the addition of four volumes of cold distilled water per
volume of red cells. After 30 minutes incubation at 4°C, the red cell
stroma were separated by centrifugation at 40,000 g. The supernatant
(hemolysate) was extensively dialyzed against 0.01 Msodium phosphate
buffer, pH 6.8 containing 10 4M ethylendiaminetetraacetic acid
(EDTA). After equilibration of pH, the hemolysate was applied on a
2 x 50 cm CM-Sephadex column equilibrated with the same buffer
(Winterhalter and Huehns, 1964).
Methemoglobin was prepared by the addition of 0.1 ml of 60 mM
solution of potassium ferricyanide (KjFe[CN] 6 ) per 0.9 ml of 4 mM
solution of oxyhemoglobin, pH 6. In this way the molar ratio of ferricyanide/heme in the final solution was 1.5. This solution was incubated
at 10°C for 30 minutes (Antonini and Brunori, 1971). Absorbtion spectra

were obtained between 500-700 nm to ascertain the complete oxidatio
of heme iron by demonstration of characteristic methemoglobin spec
trum with its absorbtion maxima at 500 and 631 nm. Hemoglobin anc
methemoglobin solutions were dialyzed in 0.0125 M bis-tris, pH 6 a
4°C. The solutions were then ultrafiltered in an Amicon cell (Amico
Corp., Lexington, MA) to achieve heme concentration of about
mM/1.These solutions were further concentrated to about between 1
and 20 mM/1 of heme (4-5 mM/1 of hemoglobin) by application o
gentle vacuum (200 mT). These concentrations are similar to hemoglobi
concentration in the red cell which is about 20mM/l in heme or 5 mM/
in hemoglobin.
NADH-dependent methemoglobin reductase was purified by th
method of Sugita et al. (1971) except that the prcoedure was halted wit
G-75 Sephadex gel filtration step. 2,6-Dichlorophenolindophenol wa
used as substrate for screening the purity of enzyme solutions (Kum
and Inomata, 1972). Only the purest fraction eluted from the G-7
Sephadex column (2000 fold pure) was used. The protein in this solu
tion which consists mainly of the enzyme was measured by the methoc
of Lowry et al. (1951). The pH optimum (5.1), stability, NADH specificity and the Km (4.7 x 10 4M) of this enzyme for its effect of
methemoglobin at pH 6 were similar to these conditions reported by
Sugita et al. (1971).
Cytochrome b, was prepared from pig liver. Briefly, liver was perfused with isotonic phosphate-saline buffer. It was then homogenized
and centrifuged at 1500 g for 10 minutes to remove the debris. The supernatant was removed and centrifuged at 40,000 g for 30 minutes. The
supernatant was acidified with acetic acid to pH 5.4 and centrifuged
at 40,000 g for 30 minutes. The pellet obtained contains most of the
microsomal fraction (Poltoratsky-Bois and Chaix, 1964). The pellet obtained from this procedure was resuspended in isotonic phosphate
butfer-saline pH 7.4 and was incubated with pancreatin (4 mg/ml) at
4°C for five days. This suspension was then centrifuged at 100,000 g.
The supernatant containing the cytochrome b5 was concentrated in an
Amicon cell. It was then dialyzed against 0.05 Mphosphate buffer pH
6.6 and applied on a Bio-Rex 70 column. The eluant was passed through
a column of Sephadex G-50. The eluant of this column containing the
cytochrome b5 was concentrated, dialyzed in 0.005 M phosphate buffer pH 7.4 and was lyophilized. The concentration of cytochrome b<
was determined by light absorption at 413 mm (cytochrome b s extinction coefficient = 115).
Experimental procedure: Seventy-five /tl of 20 mM methemoglobin
solution and 75 /tl of 20 mM hemoglobin solution were pipetted with
micropipettes and added to 1.350 ml of 0.05 M bis-tris buffer pH 6.
The methemoglobin and hemoglobin concentrations of this final solu-
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ITable 1. Methemeglobin reduction rate (1 x 10 3 jtMmm ' [arithmetic
I
mean ± average error]) for 3 different methemoglobin concentrations
1,3 and 5 mM measured at 37 °C and pH 6.
I
IRatio of
metHb/oxyHb
I

I
1.00
I
0.90

1 mM

3 mM

4.61

i
0.15

4.46

4.08

t

0.33

3.90

I0.80

3.70

* 0.20

3.52

I
0.56

3.39 » 0.16

I0.50
I0.33
I
0.20
I0.10

I0.05

2.52

* 0.39

1.87

t

*
*
0.80
*
0.61
1.31

0.08

-

4.37

*

0.12

1.77

*
*
*

0.05

1.09

*

0.08

2.79

-

2.63

2.10

* 0.07

0.91

* 0.10

0.18
0.10

* 10
* 33
* 18

5 mM

0.37
0.16

0.05

I
tion (inheme)

was 1 mM and its total heme concentration was 2 mM.
IThe ratio of methemoglobin over hemoglobin was 1. All other soluItions were prepared in this way. The quantity of methemoglobin
I
added was kept constant and the change in the ratio of methemoglobin/
hemoglobin was made by changing the amount of hemoglobin. For exIample, for a ratio of 0.5, 75 /*1 of methemoglobin and 150 fi\ of
hemoglobin were added to 1.275 ml of buffer and for a ratio of 0.05,
I 75 jil of methemoglobin was added to 1.425 ml of hemoglobin. For

I
I
I preparation of solutions containing 3 and 5 mM methemoglobin, the
I methemoglobin volume was multiplied by 3 and 5 respectively. As an
I example, 225 jtl ofmethemoglobin and 225 ii\ofhemoglobin were added
I to 1.050 ml of buffer to prepare a solution containing 3 mm
I methemoglobin and a methemoglobin/hemoglobin ratio of 1. Ifthe
I concentrations of the stock solution of methemoglobin and hemoglobin
I were not exactly 20 mM, the volumes were adjusted to meet the condi-

'

tions. Inorder to carry out the reduction reaction, 200 /*1 of the mixture (pre-warmed at 37 °C) was mixed with 10
of the purified reductase, 10 fi\ of cytochrome b, and 10 fi\ of freshly prepared NADH (25
mg/ml). The mixture was placed in a 0.1 cm light path cuvette and placed
in a double beam Beckman spectrophotometer (with temperature control) and the rate of reduction was followed by the decrease of light
absorbtion at 631 nm. Experiments were performed in triplicate and
the average reduction rate was determined. The reduction rate of the
solution with 1 mM methemoglobin concentration and no oxyhemoglobin was taken as 100 percent and all other rates were expressed
as percentage of this rate.
RESULTS AND DISCUSSION

Methemoglobin reduction by NADH-dependent methemoglobin
reductase was observed for 3 different methemoglobin concentrations,
i.e., 1, 3 and 5 mM at pH 6. These data are presented in Table 1. The
methemoglobin concentration which varied 5-fold in these experiments
did not affect the rate of reduction. On the contrary the presence of
oxyhemoglobin inhibited the methemoglobin reduction. Increase in the
of oxyhemoglobin, increased the inhibition of
(hemoglobin reduction rate.
Itis to be emphasized that the absolute concentration of methemoibin in these solutions did not vary for each set of experiments
:ording to the procedure. The linear relationship between the inhibin of the reduction and the presence of oxyhemoglobin is depicted
Figure 1. When organic phosphate (1HP) was added, (IHP/
themoglobin = 1), the reduction inhibition by oxyhemoglobin reined unchanged (not shown here).
several methemoglobin reducing systems in the red cell, the
VDH-dependent methemoglobin reductase assumes a major role
ultquist, 1978). This system functions more efficiently with the paripation of NADH than with NADPH in its stead (Hultquist et al.,
34). Also factors such as pH, organic phosphates, and the presence

Bicentration

I|\mong

Figure 1. Relationship between methemoglobin reduction rate and the
metHb/oxyHb ratio at three methemoglobin concentrations.

of oxyhemoglobin are known to alter the rate of methemoglobin reduction (Mansouri, 1979). This study resulted in the finding that the concentration of oxyhemoglobin influences the rate of methemoglobin
reduction. When 95 percent of the total hemeprotein is comprised of
oxyhemoglobin, the rate of methemoglobin reduction is only 7 percent
of the reduction rate in a sample which has no oxyhemoglobin. The
reduction rate decreases to about 5 percent in the red blood cell where
oxyhemoglobin concentration is about 99 percent of the total heme protein. However, itis observed that the absolute amount of oxyhemoglobin
is of less importance than methemoglobin to oxyhemoglobin ratio in
its effect on methemoglobin reduction. Organic phosphates which in
low concentrations accelerate the methemoglobin reduction, do not alter
the inhibitory effect of oxyhemoglobin.
The concentrations of cytochrome b, and methemoglobin in the red
blood cell are known and are below their Km values (Kuma, 1981).
Since the concentration of cytochrome b5 and the reductase are constant, it can be assumed that increase in the concentration of
methemoglobin in the red cell drives the reaction towards methemoglobin
reduction regardless ofredox potentials of proteins involved. Hultquist
et al. (1984) reported that there is methemoglobin-eytochrome b< complex formation during the reduction reaction. This formation of the
complex may be independent of the oxidation state of heme iron. For
this reason oxyhemoglobin can exert inhibitory effect on the
methemoglobin reduction by competing with methemoglobin for
cytochrome b,.

In conclusion, the ratio of methemoglobin to oxyhemoglobin determines the rate of methemoglobin reduction when the conentration of
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methemoglobin is significantly increased, as observed in this in vitro
study. Whether this statement holds also true for in vivo situation has
to be borne out by further study.
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CORTICOCORTICAL PROJECTIONS OF A VISUALLY
RESPONSIVE AREA IN THE CAT BRAIN
JOSEPH McGRATH
Department of Biological Sciences
Arkansas State University
State University, AR 72467

ABSTRACT
The Clare-Bishop (CB) area bears the name of the investigators who first (1954) demonstrated a
cortical area in the cat brain located along the lateral aspect of the middle suprasylvian gyrus which responded electrophysiologically to both optic nerve and striate cortex (area 17) stimulation. More recent
studies of CB or the lateral suprasylvian (LS) area have supported its role in visual and/or oculomotor
functions. Silver degeneration methods were undertaken to clarify some of the corticocortical connections of this cortical region. The data accumulated provides a morphological basis in support of the CB
area's role in visual and/or oculomotor activities

INTRODUCTION

Neurophysiological studies by Clare and Bishop (1954) revealed an
cortex which apparently is interrelated with the
visual cortex (areas 17, 18, and 19). These investigators located a region,
commonly referred to as the Clare-Bishop area (CB), along the lower
one-half of the medial bank of the middle suprasylvian sulcus that was
shown to respond to both striate cortex and optic nerve stimulation.
The region of cortex, the CB area, is believed to be synonymous with
the lateral suprasylvian area (LS) described by Heath and Jones in 1971 .
Recently, it has become apparent, based on electrophysiological recording studies (Palmer et al., 1978), that the LS area is much more extensive than its original description. Their investigation indicated that the
LS area is made up ofsix mirror-symmetrical, topographically-organized
representations of the visual fields having as the axes of symmetry fundi
of the middle and posterior suprasylvian sulci.
Some experimental data based on silver impregnation,
autoradiographic and HRP techniques have been accumulated regarding the efferent fiber connections of the CB area; however, disagreement still exists.
The cortical output of this area is both ipsilateral and contralateral.
Cortical projections from the CB area primarily include efferent fibers
to ipsilateral area 17, 18, and 19 and to the contralateral CB area (Heath
and Jones, 1971; Jones, 1974, Maciewicz, 1974; Gilbert and Kelly, 1975,
Ravizza et al., 1978).
is thus apparent from a review of the available literature that this
tra visual cortical region has not been extensively studied with respect
to its neural connections. The purpose of this study was to provide more
completely an anatomical basis for CB's proposed role in visual and
oculomotor functions by elucidating more precisely the efferent cortical projections of this area of the cat brain.

area of the cat cerebral

Bit

List of Abbreviations
CB
LAT
RPS
SC
SF
SPL

rl.

Clare-Bishop area
lateral sulcus
posterior rhinal sulcus
superior colliculus
suprasylvian fringe area
splenial sulcus
suprasplenial sulcus
oculomotor complex
MATERIALS AND METHODS

Seven adult cats of either sex and within a weight range of 2.0-3.5
kilograms were used in this study. Under diabutal anesthesia (35 mg/kg

body weight) an aseptic craniotomy was performed to expose the ClareBishop area along the lateral wall of the left middle suprasylvian gyrus
for the placement of an unilateral cortical ablation into CB. The efferent connections of this area could then be identified by orthograde
(silver impregnation) methods. Survival times used in the degeneration
studies ranged from 3-7 days. It was apparent in this study that the
optimum time for the simultaneous recognition of degenerating axons
(Nauta and Gygax, 1954) and preterminal degeneration (Fink and
Heimer, 1967) was seven days. After seven days, each animal was
sacrificed by deep Nembutal (heparinized) anesthesia, given intravenously. Subsequently, the heart was exposed and the cat was perfused
transcardially with room temperature physiological saline wash followed

by 10% formalin. Following careful removal, the brains were immediately placed in cold 10% formalin for 24 hours and then maintained in
the same fixative at room temperature for at least six weeks. Each brain
was then photographed, blocked, and placed in 30% sucrose/formalin
until it sank. Coronal serial sections of 50 n m and 25 /x m were cut,
using a freezing microtome, and collected in a compartmentalized plastic
tray containing 10% formalin. Serial sections were then stained with
the cresyl violet (50 n m sections) and silver (25 /* m sections). Trajectories and the distribution of degenerated axons and preterminal
degeneration were charted in projection drawings of appropriate sections by using light and/or darkfield microscopy. Cortical designations
were based on Heath and Jones (1971) and Reinoso-Suarez (1961), while
subcortical landmarks were localized according to Rioch (1929), Snider
and Niemer (1961) and Berman (1968).

RESULTS
The selective silver impregnation techniques of Nauta and Gygax
(1954) and Fink and Heimer (1967) were employed to study the efferent
cortical connections. The Nauta method was especially useful in defin-

ing the origin, course and trajectories of fiber degeneration resulting
from unilateral cortical ablations, while the Fink and Heimer method
was essential for visualization of preterminal and terminal degeneration.
In each of the seven cases, fiber degeneration entered the sub-cortical
white matter and was followed from the lesion site in one of three
primary trajectories: 1) to the ipsilateral cortex as association fibers,
2) commissural fibers to the contralateral hemisphere by way of the
body of the corpus callosum, 3) descending projections primarily
through the capsules (internal, external, extreme) toward ipsilateral subcortical structures (Fig. 1).
Ipsilateral preterminal degeneration was observed in cortical areas
5, 6, 7, 17, 18, 19, 20, 21, the suprasylvian fringe region and the posterior
suprasylvian gyrus (a part of area 21). Contralaterally, the homologue
of the lesion site exhibited degeneration.

Published by Arkansas Academy of Science,
1985 Academy of Science Proceedings, Vol. XXXIX,1985
Arkansas

77

79

Journal of the Arkansas Academy of Science, Vol. 39 [1985], Art. 1

Corticocortical Projections of a Visually Responsive Area in the Cat Brain

Figi

Figure 2. Charting of a Nauta section showing degeneration in ipsilateral
visual cortices (areas 17, 18, and 19) and contralateral CB area.

Figure 1. Photograph of Nauta section of cat brain showing fiber trajectories from the lesion site. Notice (at arrows) degenerated fiber in
route to cortex, corpus callosum and subcortical areas.
The most rostral cortical connections from the CB area appear to
be with areas 5 and 6. The degeneration appeared somewhat heavier
in the lateral portion of area 5 in its caudal extent. Caudal progression
through the ipsilated cortex revealed preterminal degeneration in area
7. Finally, in the suprasylvian gyrus heavier degeneration, as would be
expected, was encountered in the vicinity of the lesion site.
A caudal progression through the ipsilateral hemisphere revealed a
connection between the CB area and areas 17, 18, 19, 20, 21,the suprasylvian fringe area and the posterior suprasylvian gyrus. The amount
and rostrocaudal distribution of the degeneration in those areas varied
with the size and rostrocaudal extent of the lesion. Generally, a larger
and more rostral ablation produced, as would be anticipated, heavier
degeneration in the more rostral portions of these cortical areas and
vice versa. Inparticular, preterminal degeneration was most pronounced
in the caudal portions of areas 17 and 19. The heaviest degeneration
in area 19 was seen as the fibers left the white matter in a lateral direction (Fig. 2) to terminate throughout laminae III-IV.Degeneration also
was seen in lamina I,although lamina IIwas almost free of degenerating
debris. Light to moderate degeneration was found in area 17 involving
mainly lamina III-IVbut also lamina I. The projections to areas 19 and
17, were also visualized with autoradiographic methods and orthorograde HRP transport (Fig. 3), evidence from which supported the
observation of termination of CB effererUs inlaminae III-IVand Iin
areas 19 and 17. Similarly, area 18 was observed to receive efferents
from CB area. These fibers primarily terminated in lamina III-VIof
area 18, although there was, again, some degeneration in lamina I(Fig.
2). Finally, within the ipsilateral cortex, moderate degeneration was apparent in the suprasylvian fringe region, areas 20 and 21, and the
posterior suprasylvian gyrus.
Preterminal degeneration was observed in the contralateral CB area
homologus to the lesion, with termination located primarily in laminae
(Fig. 2). The main focus of degeneration was along the medial
III-VI
wall of the middle suprasylvian sulcus with some extension into the depth
of the sulcus. The fiber degeneration reached this destination by traversing the body of the corpus callosum.
DISCUSSION
The results of the present study provide an anatomical basis which
that the Clare-Bishop or lateral suprasylvian area is a cortical

suggests

Figure 3. a. Lowpower photograph ofNauta section showing degeneration in area 17. Notice band of degeneration in laminae III-IV(between lines), b. High power view of above section. Notice degeneration in lamina I (at arrows), c. Darkfield Nauta section showing
degeneration in lamina I(at arrows). D. High power photograph of
HRP section showing labelled cells as well as orthrogradely transported
enzyme to area 17. Notice orthrograde transport to lamina I(arrows).
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region in the cat brain primarily associated with visual mechanisms.
can be adduced from the information provided in this investigation which showed that the CB entertains connections with cortical regions classically known to be involvedin visual functions. These
connections include efferent projections from CB to other visual cortical areas (17, 18, and 19) and the frontal eye field (FEF).
The cat visual cortex (areas 17, 18, and 19) share the heaviest cortical input from the Clare-Bishop area. Data accumulated from the silver
cases showed that the CB projects to laminae III-IVof these areas, with
the heaviest degeneration being observed in laminae III-IVand some
involvement of lamina I.Orthogradely transported HRP confirmed the
lamina Itermination in the other cortical visual areas after a HRP-gel
placement in CB (Fig. 2d). Recently, Bullier et al. (1984), using
retrograde fluorescent techniques, indicated that the CB cells projecting to areas 18 and 19 are found in laminae I, III,V, and VI.
The projection from CB to lamina Iof area 17 is further supported
by autoradiographic information presented by Lund et al. (1979) indicating that laminae Iand VIof area 17 contain terminal fields after
an injection of tritiated proline into the CB area.
Additional morphological support for a possible role of the CB area
in visual activities comes from information showing its connectivity with
the frontal eye field (FEF) of the cat. In agreement with Heath and
Jones (1971) this study showed, with silver impregnation data, that the
CB area projects to most of area 6 including that portion considered
to be part of FEF.
In summary, the results from the present investigation provide an
anatomical substratum for a possible role of the Clare-Bishop area in
visual and/or oculomotor functions based on the fact that this cortical
region entertains connections with areas distinctly concerned were visual
activities, including areas 17, 18, and 19 and the frontal eye field (FEF).
Further investigations are needed in order to clarify CB's efferent projections to subcortical visual structures.

This concept
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ANALYSIS OF ARKANSAS FUR HARVEST RECORDS
1942-1984: I. STATE AND REGIONAL ACCOUNTS
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ABSTRACT
Fur harvest records maintained by the Arkansas Game and Fish Commission from 1942-1984 summarized the number of pelts sold by region (Ozark Mountains, Ouachita Mountains, Gulf Coastal Plain,
and Mississippi Delta) and the average price per pelt for 1 6 furbearers. Analysis of these records
showed that in the 1 979-80 trapping season (the record year for both harvest and value both in Arkansas and the nation), the value of the Arkansas furharvest ranked 1 4th nationally (2.1 2% of total national
value). Fur harvests in Arkansas were high in the 1 940's, declined in the 1 950's and 1 960's and then
experienced a rapid increase in the 1970's and into the 1980's. In all decades, the Mississippi Delta
has ranked first in both numbers of pelts harvested and total value. With the exception of the 1970's,
the Delta has been followed by the Ozark Mountains, the Gulf Coastal Plain, and the Ouachita Mountain
Region.

INTRODUCTION
Furbearer management problems have increased in number, scope,
and intensity during the past decade in response to 1) rapidly growing
demands for furbearers and their products, 2) enactment ofcertain endangered species regulations and treaties, 3) a major decline in upland
wildlife hunting opportunities, and 4) growing antihunting and antitrapping sentiment (Hubert, 1982). Thus, harvest management programs,
now and in the future, require a greater understanding of the variables
which ultimately determine the size of furbearer populations and of
subsequent expected harvests (Erickson and Sampson, 1978; Erickson,
1981, 1982; Hubert, 1982).
Arkansas and other Midsouth states have traditionally used fur harvest
data as a primary source of information for estimating the condition
of furbearer populations and subsequent management schemes
(McArdle, 1979; Tumlisonet al., 1981; Erickson, 1982; Hubert, 1982;
Heidt et al., 1984). However, in the case of Arkansas, as in many states,
fur harvest data still exists in either raw, unsummarized form or is scattered in various unpublished reports and Game and Fish Commission
internal memos. Wildlife biologists are thus required to sort out and
extract that information needed for management decisions. Itis the purpose of this series of papers to summarize and interpret the raw fur
harvest data that has been compiled by personnel of the Arkansas Game
and Fish Commission since 1942 and present it in a form that can easily be used for further analyses. The present paper summarizes the fur
harvest data for Arkansas from a statewide and regional (the four
major physiographic regions - Ozark Mountains, Ouachita Mountains,
Gulf Coastal Plain, and Mississippi Delta) level. We also discuss the
most important furbearing species in each region.
METHODS AND MATERIALS
Fur harvest records used in this study were compiled annually since
1942 by the Arkansas Game and Fish Commission (AGFC). Mean annual pelt values, total numbers of each species harvested, and the
regional contributions of each species harvested were available for all
but a few years. For purposes of analyses, years withunavailable data
were generally omitted from consideration. For the mean annual pelt
values during 1979-80, which were unavailable, a value was extrapolated
for each Arkansas species based on relative pelt value in Missouri. No
correction factors were applied to the data to correct for out-of-state

Table 1. The value of the 1979-1980 Arkansas fur harvest relative to
the 1979-1980 national harvest.

Species

Arkansas Harvest
National Ranking/

#

states

% U. S.
Harvest

Opossum
Mink
Spotted Skunk
Bobcat
Raccoon
Beaver
Gray Fox
River Otter
Striped Skunk
Muskrat
Coyote
Long-tailed Weasel
Badger

3/35
7/47
8/31
13/42
12/48
12/48
18/42
17/26
23/47
21/48
21/41
29/39
26/26

0.15
0.00

Arkansas

14/50

2.12

7.98

4.85
4.19
3.48
3.04
2.72

2.26
1.20

0.71
0.66
0.65

sales of Arkansas fur. In addition, there is no way to determine how
many pelts were actually harvested but not sold (P. Dozhier, Chairman, American Fur Resources Institute, pers. comm.). Following the
method ofErickson and Sampson (1978), dollar values were uncorrected
for inflation.
RESULTS AND DISCUSSION
State Analysis
Inan effort to gain a perspective on the relative importance of Arkansas fur harvests to the national total, we ranked the value of the six-
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Table 2. Summary of the size (# of pelts sold) of Arkansas' fur harvests
decade per region. Data reflect six seasons in 1940s, nine seasons
in 1960s, and four seasons in 1980s; 1950s and 1970s reflect 10 full
seasons.
by

Table 6. Summary of the six furbearers with the largest total harvests
(# pelts sold) from the Ozark Region by decade for the 1942-1984
seasons,
Species

Ozark

Ouachita

6. C. P.

Delta

1940s
1950s
1960s
1970s
1980s

699,429
251,240
318,149
475,572
223,681

201,518
128,846
116,386
260,422
146,085

424,572
250,911
143,784
231,954
178,974

898,448
696,139
491,473
716,288
352,982

2,223,967
1,610,744
1,069,793
1,684,236
901,721

370,661

Total

1,963,071

853,257

1,230,195

3,155,330

7,206,853

184,791

State

161,074

118,074
168,424
225,430

Table 3. Summary of the value ($) of Arkansas' fur harvests by decade
per region. Data reflect six seasons in 1940s, nine seasons in 1960s, and
four seasons in 1980s; 1950s and 1970s reflect ten full seasons.

.

Decade

Ozark

Total

Mean $/yr

2,158,236 4,344,030
1,668,331 3,438,333
767,505 1.859,228
4,893, R57 13,602, 110
3,028,737
8,854,600

724,005
343,883
206,581
1,360,211
2,213,650

6.585.448 .2,516,666 32,098.801

823.046

Ouachita

G. C. P.

Delta

726,043
323,650 1,136,101
740,800
306,190
723,513
604,393
196,181
291,149
3,943,054 2,444,333 2,320,865
2,221,687 1,490,356 2,113,820

Total

8,235,977

4,760,710

I(#

1940s

1950s

1960s

1970s

1980s

1. Raccoon
2. Opossura
3. Muskrat
4. Mink
7. Striped
Skunk
6. Beaver

273,595
428,833
19,104
110,975

314,685
147,647
96,787
113,585
19,427

178,204
63,729
31,688
40,694
73,859

219,013
157,564
145,031
50,990
115,974

127,567
62,663
103,470
41,269
191

1,113,064
860,436
496,080
357,513
259,559

913

12,126

10,077

23,127

Totals

882,615

389,037

700,698

345,237

3,109,779

50,108

0

11
692,142

Totals

Table 5. Summary of the six furbearers with the greatest total harvest
values ($) from the Mississippi Delta Region by decade for the 1942-1984

seasons.
species

1940s

1950s

1960s

1970s

1. Raccoon
2. Mink
3. Muskrat
4. Opossum

399,583
1,536,124

259,392
1,262,385

265,435
291,400

2.639.449

28.742

77.082

105.174

444.286

146,629

51,205

5. Striped

29,902

16,232

28,396
63,741

344,290
425,484

6.

Skunk
Bobcat

Totals

190
2,141,170

54
1,666,350

628,249

337

120,851

754,483

4,602,609

1980s

Total

1.794.695 5.358.504
584.2U 4,302,369
342.379
999.664
75,895

303
88,541
2,886,024

646,416

535,663
209,973
12,052,589

en furbearers in Arkansas to those nationally for the 1979-1980 fur
rvest season (Table 1). This year was chosen because it represented
cord harvests, both in terms of pelts sold and value received, for both
rkansas and the nation. National data were supplied through the
merican Fur Resources Institute. Nationally, Arkansas ranked fourenth in terms of total value received from fur, or 2.12% of the total
lue of the national harvest. From a single species standpoint, opossum
Vdelphis virginiana), mink (Mustela vison), and spotted skunk
pilogale putorius) ranked in the top ten. In addition, bobcat (Felis
fus), raccoon (Procyon lotor), and beaver (Castor canadensis) also
nked quite high in national averages.

1970s

1980s

Totals

500,005
54,548
63,205

125,125
64,222
15,296

85,311
126,687
32,693

149,577
177,430
39,136

75,066
104,436
1,557

935,084
527,323
151,892

14,201
25,418
31,389

18,527
20,368
3,786

41,573
19,450
5,232

43,400
19,223
24,226

12,378
9,203
11,534

130,079
93,662
76,167

Totals

688,766

247,324

310,951

452,992

214,174 1,914,207

Table 7. Summary of the six furbearers with the greatest total harvest
values ($) from the Ozark Mountain Region by decade for the 1942-1984
seasons.

._

K
2
3.
A

Raccoon
Mink
Gray Fox
Opossllm

I
J££H t

1940s

1950s

1960s

1970s

1980s

Total

81,213 53,437 182,965
348,099 620,469 296,989
34,886
1,026
6,896
175<401 34,503 37,079

2,091,133
221,022
684,813
325,720

1,466,037
129,883
344,584
87,785

3,874,840
1,616,463
1,072,206

658,954 725,769 560,842

3,663,522

2,158,884

7,767,973

660.488

19.o" 16,28 i\S f^S K lU'.m

Table 8. Summary of the six furbearers with the largest harvests (# pelts
sold) from the Ouachita Region by decade for the 1942-1984 seasons.
Species

1.
2.
3.

Opossum

Raccoon

;.Unk

4. ;
iu8kra t

5. Striped
Skunk
6. Gray Fox
Totals

1

1960s

1. Opossum
2. Raccoon
3. Striped
Skunk
4. Muskrat
5. Mink
6. Gray Fox

Total

Table 4. Summary of the six furbearers with the largest total harvests
pelts sold) from the Mississippi Delta Region by decade for the
1942-1984 seasons.

Species

1950s

,

Species

1940s
1950s
1960s
1970s
1980s

1940s

Mean #/yr

Decade

1940s

1950s

1960s

1970s

134,543
31,004
15,693
1,793
12,768

55,018
45,7<>8
19,007
1,613
5,128

25,479
58,360
11,424
9,429
8,856

86,696
110,539
9,431
19,827
12,889

3,433

1,230

538

7,843

4,257

17,301

199,239 127,764

114,586

247,225

136,791

325,605

1980s
38,728
71,732
8,633
12,921
520

Totals
340,469
317,903
64,188
45,533
40,161

Tables 2and 3 summarize the total Arkansas fur harvest and monetary
value by physiographic region and decade. When examining Table 2
for regional fur harvest data, it should be noted that over 283,000 pelts
(3.8% of the total harvest) could not be assigned to a specific region.
$500,000
In addition, the omissions from Table 2 result in approximately $500,000
(1.6% of the total value) being omitted from Table 3. However, we
we
,
n.lt<, nr< tkoir ,,ol,,«,»a,,M nr^k^kl,,
f^l
mtn tko
generalnl
feel >k^t
that tl,>»
these pelts
and their values would probably fit
fitinto
the n
patterns demonstrated in the tables and that they represent a small
enough percentage that they would not bias the data. From these tables
it can be seen that, over the past 42 years, over 7.4 million pelts having
a value over 32 million dollars have been harvested. These figures do
not account for pelts sold out-of-state, monies spent on traps, gasoline,
and other fur harvesting equipment. It can thus be safely stated that
the fur industry contributes considerable economic value to the state.
Tables 2 and 3 further demonstrate that fur harvest was extremely
important during the 1940's both in terms ofnumbers of pelts harvested
and value of the harvest. This was probably due in part, to demands
for fur during and after World War IIthrough the Korean Conflict
(these same trends have been seen for other furbearers in other parts
of the country [Sargeant, 1982; Voight and Tinline, 1982]) and also
the general depressed economic conditions in Arkansas during these
years. As the demand for fur fell during the 1950's and 1960's, the
number of pelts harvested as well as total value of the pelts, in spite
of inflation, also fell. However, with the resurgence in demand as well

Arkansas
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Table 9. Summary of the six furbearers with the greatest total harvest
values ($) from the Ouachita Mountain Region by decade for the
1942-1984 seasons.
1940s

¦i»

1. Raccoon
2. Mink
3. Gray Fox
4. Opr
Bobcat
6. Muskr

Total

1950s

41,069. 38,031
219,646 244,814
3,401
318
372 16, 584
33
109
848

312,445

1,337
,337

301,117

1960s

197

88,399
71,759

1,399,553
127,958

738
r
ll,
)21

245,089

304
8,041

8,041

180,702

200,457
179,971
152,251
152,251

2,305,279

1980s

Total

996,192 2,563,243
124,444
788,621
131,689

381,234

46,522
83,398
45,573
45,573
1,427,818

320,455
263,814
210,050
210,050

4,527,417

Table 10. Summary of the six furbearers with the largest harvests (#
pelts sold) from the Gulf Coastal Plain Region by decade for the
1942-1984 seasons.
1940s

Spe

1.
2.
3.
4.
5.

1950s

139,254
205,233
56,149
8,482
Gray Fox
13,065
Striped

Raccoon

Opossum

Mink

131,040
66,635
46,157
1,648
2,653

1960s

1970s

1980s

96,273

123,979

117,737

26,629
13,716
626
688

73,b71
7,035
6,355
583

35,404
7,734
3,661
147

Totals

013,288

407,572
130,791
20,772

- 1942-1984:

I. State and Regional Accounts

.

Table 11 Summary of the six furbearers with the greatest total harvest
values ($) from the Gulf Coastal Plain Region by decade for the
1942-1984 seasons.
1940s

Spec

1.
2.
3.
4.
5.
6.

1950s

1960s

Raccoon 270,181 108,698 14,970
768,163 587,940 101,635
Mink
9,971
Gray Fox
1,007
445
73,786
21,424 11,097
Opossum
Bobcat
77
30
389
0
477 18,228
Reaver

Total

1,122,178

720,974

148,226

1970s

1980s

Tot

1,594,350
85,156
210,515
174,389

1,666,878
124,576
109,008
41,409

3,787,077
1,667,373
330,747
320,45

152,336
31,903

79,056

231,88

21,626

72,

2,248,649

2,042,553

6,409,7
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17,136

Skunk

6. Beaver
Totals

0
422,183

135

3,968

5,200

48,318

141,905

221,823

4,221
168,904

13,574
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ABSTRACT
Fur harvest records were maintained by the Arkansas Game and Fish Commission on the following
16 furbearers: badger, beaver, bobcat, eastern spotted skunk (civet), coyote, gray fox, long- tailed weasel,
mink, muskrat, nutria, opossum, raccoon, red fox, red wolf, river otter, and striped skunk. These harvest
records were analyzed for each species in terms of mean pelt price and numbers of pelt sold by region
(Ozark Mountains, Ouachita Mountains, Gulf Coastal Plain, and Mississippi Delta) per year. Historical or
biological influences important in interpreting species accounts are presented.

INTRODUCTION
Furbearer management problems have increased in number, scope,
and intensity during the past decade in response to 1) rapidly growing
demands for furbearers and their products, 2) enactment ofcertain endangered species regulations and treaties, 3) a major decline in upland
wildlifehunting opportunities, and 4) growing antihunting and antitrapping sentiment (Hubert, 1982). Thus, harvesting management programs,
now and in the future, require a greater understanding of the variables
which ultimately determine the size of furbearer populations and of
subsequent expected harvests (Erickson, 1981, 1982; Hubert, 1982).
Arkansas and other Midsouth states have traditionally used fur harvest
data as a primary source of information for estimating the condition
of furbearer populations and subsequent management schemes
(McArdle, 1979; Tumlison et al., 1981; Erickson, 1982; Hubert, 1982;
Heidt et al., 1984). However, in the case of Arkansas, as in many states,
fur harvest data still exist in either raw, unsummarized form or is scattered in various unpublished reports and Game and Fish Commission
internal memos. Wildlife biologists are thus required to sort out and
extract that information needed for management decisions. Itis the purpose of this series of papers to summarize and interpret the raw fur
harvest data that has been compiled by personnel of the Arkansas Game
and Fish Commission since 1942 and present it in a form that can be
easily used for further analyses. The present paper summarizes the fur
harvest data for each of the sixteen species of Arkansas furbearers
harvested since 1942.

METHODS AND MATERIALS
Fur harvest records used in this study were compiled since 1942 by
the Arkansas Game and Fish Commission. Mean annual pelt value,
total numbers of each species harvested, and regional contribution of
each species harvested were available for all but a few years. For purposes of analyses, years with missing data were generally omitted from
consideration. For the mean annual pelt values during 1979-80, which
were unavailable, a value was extrapolated for each Arkansas species
based on relative pelt value in Missouri. No correction factors were applied to the data to correct for out-of-state sales of Arkansas fur. In
addition, there is no way to determine how many pelts were actually
harvested but not sold (P. Dozhier, Chairman, American Fur Resources
Institute, pers. comm.). Following the method of Erickson and Sampson (1978), dollar values were uncorrected for inflation.

Table 1. Arkansas fur harvest size (# pelts sold) by decade for each
species. Data reflect six seasons in 1940s, nine seasons in 1960s, and
four seasons in 1980s; 1950s and 1970s reflect ten full seasons.
1940s

Species

1.

2.

1950s

Opossum 1,268,619
498,401

Raccoon
3. Muskrat
4. Mink

5. Striped

516,198

644,266

36,671
208,235

132,142
243,879

139,146

54,224

56,416

11,538

0

285
424

1960s

1970s

1980s

201,148
460,029

467,508
635,961

211,861
421,472

2,665,334
2,660,129

85,284
116,101

86,679
168,582

66,839
2,415

690,910
480,468

42,616

20,716
23,844
7,086
7,467

138,631
62,797

183,006

131,384

692,292

Skunk

6. Gray Fox
7. Beaver
8. Bobcat

1,144

9. Coyote

0

14

7,859

3,795

5,341
11. Red Fox
0
12. Nutria
River
0
13.
Otter
2,056
Long-tailed
14.

2,896
0

10. Spotted

7,345

7,535

31,133

1,363
559

16,102
14,162

2,639

2,843

4,013

26,119

22,202

702

19,212

0

Skunk

15.
16.

Weasel
Red Wolf
Badger

Totals

79

0

2,223,967

603

1,424
4,599

5,200

12,300
10,402

87

1,088

2,266

2,690

6,131

984

250

101

43

3,434

12
0

0
0

1,610,744

1,069,793

0
0
12

1,684,236

901,721

7,490,461

SPECIES ACCOUNTS
The following listing of species accounts is arranged in descending
order of the number of pelts harvested since 1942. The data are organized
by harvest size and harvest value per decade (Tables 1 and 2) and per
region (Tables 3 and 4).
Virginia Opossum

-

Didelphis virginiana

In terms of the total harvest in Arkansas since 1942, the opossum
ranks first. This is misleading, however, due to the fact that the opossum

only ranked first during the 1940's, when it accounted for 57% of th
total fur harvest. Since the 1940's, raccoon has ranked first in eac
decade and opossum second. Overall, opossum has accounted for 36^
ofall furbearers harvested in Arkansas since 1942 (Table 1). Regiona
ly, the Ozark Mountains (35%) have produced the greatest number o
opossum, followed by the Mississippi Delta (32%), Gulf Coastal Plai
(15%), and Ouachita Mountains (13%). An additional 5% of the harves
listed in Table 3 cannot be assigned to any particular region.
Even though more opossum were trapped in the 194O's, the greatest
value of opossum harvests occurred during the 1970's (Table 2), due
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table

2. Arkansas fur harvest value ($) per decade for each species,

ata reflect six seasons in 1940s, nine seasons in 1960s, and four seasons
in 1980s; 1950s and 1970s reflect ten full seasons.

Table 3. Arkansas fur harvest size (# pelts sold) from 1942-1984 by major
physiographic region for each species.
Species

1940s

Species

I.

..
.
..
.

Raccoon

792,050

Gray
Opossum

441,139

, Mink

2,871,972
61,635
Fox

1950s

1960s

459,557

683,769

7,724,535

5,923,753

761,782

1,062,385
1,260,141

963,115
623,035

1,044,856
738,285

251,610
434,878

657,256

2,715,572
2,408

1970s

1980s

15,583,664
8,374,826
1,957,148

123,715

9,929
88,993

53,344
629

96,325
180

149,124
2,258

35,741

101,223

583,379

341,157
3,694

0
0

806
14

36,149

1,070

800

0

16,439

215,439
195,501
59,982

126,798
99,931
67,632

14,219
11.
4,104
12. Spotted
Skunk
0
13. Nutria
14. Long-tailed 1,184
Weasel
15. Red Wolf
131
0
16. Badoer

1,108

4,425

24,948

0
2,847

44,700

8,443
59

16,106

25,128
1,881

0

0

8

13

9.
10.

Muskrat
Bobcat

Striped

103,573

Skunk
Beaver
Coyote
River
Otter
Red Fox

4,344,030

Total

1,917

3,570

0

579

419

188

26,893

10
0
0

3,438,833 1,859,228 13,602,110

Ozark

Total

31

1,950,363

1,471,956
1,001,480
827,610
379,192

296,246
145,123
39,331

132
21

8,854,600 32,098,801

1.
2.
3.
4.
5.

Opossum
Raccoon
Muskrat
Mink

Striped

Skunk
6. Gray Fox
7. Beaver
8. Bobcat
9. Coyote
10. Spotted

Ouachita

G. C. P.

Delta

State

935,084
527,323
130,079
93,662
151,892

340,469
317,903
45,583
64,188
40,161

407,572
613,288
7,408
130,791
17,136

1,113,064
496,080
357,513
259,559

860,436

2,665,334
2,660,129
692,292
690,916
480,468

76,167
14,106
7,960
8,165
13,909

17,301
11,990
5,552
4,121
3,749

20,772
13,574
5,185
3,930

400

21,906
23,127
7,375
5,986
695

138,631
62,797
26,119
22,202
19,212

7,600

586

383
247

630
862

766
6,037
3,125

2,861
3,352
1,897

12,300
10,402
6,131

1,432

155

203

1,469

3,434

6
8
10

10
0

91
3

Skunk

11. Red Fox
12. Nutria
13. River
Otter

14.

Long-tailed

Weasel
15. Red Wolf

60
2

16. Badger
Totals

1,968,071

853,257

1,230,195

3,155,330

7,490,461

to the generally high pelt prices during that decade. With respect to
regions, the value of opossum harvests followed a similar trend (Table 4).

fact that opossum has been harvested in extremely large numbers
ould be of no surprise considering its ubiquitous nature, abundance,
gh biotic potential, and ease of harvest. Compared to other species
furbearers and the relatively low prices ofopossum in the last decade,
tossum fur harvest data (based on the number of pelts actually sold)
obably reflects a very conservative estimate of the number ofanimals

!The

actually trapped.

-

Raccoon Procyon lotor
The raccoon is the most important furbearer in Arkansas from both
a recreational and economical standpoint. Since the 1940's raccoon have
been harvested in greater numbers than any other species. Overall, this
species has accounted for 36% of the total state harvest (Table 1).
Regionally, the Mississippi Delta has produced the highest number of
raccoon (42%), followed by the Gulf Coast Plain (23%), Ozark Mountains (20%), and the Ouachita Mountains (12%). An additional 3%
of the harvest listed in Table 3 cannot be assigned to any particular
region.

In terms of total value of the harvest (Table 2), raccoon have
ranked first (49% of all furbearers harvested). Table 2 also shows raccoon harvests led the state only in the 1970's and 1980's, probably reflecting the relatively high pelt prices for long-haired fur (P. Dozhier, pers.
comm.). Regionally, the value of the raccoon harvests followed that
of the number of pelts taken (Table 4).
Inaddition to the fact that raccoons are ubiquitous, abundant, have
relatively high reproductive potential, and are easily caught, several other
factors contributed to the harvest dynamics of the species. Raccoons
are considered a prime species for both sport hunting and trapping (a
large number ofhunted raccoons are sold). Raccoons have high quality fur and are highly sought by fur dealers, but they only occur in North
America. Additionally, attempts to ranch raccoons have been unsuccessful to date, thus supply is restricted to wild populations (P. Dozhier,
pers. comm.).

-

Muskrat Ondatra zibethicus
The muskrat has long been one of the most important furbearers in
the Southeastern United States (Deems and Pursely, 1978). The muskrat
has traditionally been one of the mainstays of the Arkansas fur trade,
ranking thirdin total number of pelts sold (Table 1). The general trend
of muskrat harvests has been of increasing harvest sizes. This is expected, as the major limiting factor on muskrat populations is available
habitat. As agricultural practices have changed in Arkansas to include
large acreages of rice, particularly in the Mississippi Delta, prime

muskrat habitat has increased proportionately. Thus, the Mississippi
Delta leads in muskrat production (72%), followed by the Ozarks (19%),
Ouachitas (7%), and Gulf Coast Plain (1%) (Table 3). It might also
be expected that the Gulf Coast Plain, with abundant waterways, should
also produce a greater percentage of the total harvest. However, nutria
seem to be firmly established in that region (Bailey and Heidt, 1978);
some data suggest that nutria may displace muskrat in marginal habitats
such as are found in the Gulf Coast Plain (Sealander, 1979).
Regional harvest ofmuskrat follows the trends evident in the general
state harvest (Tables 3 and 4). The 1970's alone accounted for 50%
of the total value of muskrat harvested since 1942. This trend seems
to be continuing into the 1980's, perhaps reflecting their ease of capture and increased numbers due to the aforementioned changes in
agricultural practices. Furthermore, land owners cooperate in muskrat
harvesting because the animal is considered a nuisance and does a great
deal of damage to rice plants and retainment structures.

-

Mink Mustela vison
Mink has long been the major species used in the fur industry (P.
Dozhier, pers. comm.) and until mink ranching became a major industry in the 1950's and 1960's. pelts were primarily obtained from
harvested animals. In spite of the millions of pelts harvested annually
from commercial mink ranches, mink still represents a major furbearer,
ranking fourth in total pelts harvested and second in total value in
Arkansas (Tables 1 and 2). Examination of Tables 1 and 2, however,
reveals the influence of commercial ranching on the harvest because
the 1940's and 1950's account for 66% of the total mink harvested in
the state.
Regionally (Table 3), mink are primarily harvested from the Mississippi Delta (52%) and Gulf Coastal Plain (19%). This is not unexpected
as mink are primarily semi-aquatic and feed heavily on prey common
to these areas (Lowery, 1974). The upland areas of the state (Table 3)
contribute less in terms of total percentage (Ozark 14%, Ouachita

- 9%).

Striped Skunk

-

Mephitis mephitis

Until the late 1970's, striped skunk represented one of the major
furbearers in Arkansas. Despite a tremendous decline in harvest since
1979, skunk still represents the fifth harvested furbearer, but ranks
seventh in value (Tables 1 and 2). Examination ofTables 1 and 2 reveal
that because of past strengths in skunk harvest, skunk will probably
maintain their overall position in terms of total numbers and value
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Table 4. Arkansas fur harvest value ($) by major physiographic region
for each species.
Species

Ozark

1. Raccoon 3,874,840
1,616,463
2. Mink
3. Gray Fox 1,072,206
660,488
Opossum
4.
248,171
5. Muskrat
295,805
6. Bobcat
213,191
7. Striped
Skunk
88,992
8. Beaver
99,691
9. Coyote
6,247
10. River
Otter
28,535
11. Red Fox
29,486
12. Spotted
Skunk
13. Nutria
949
14. Long-tailed
801
Weasel
15. Red Wol£
98
16. Badger
14
8,235,977

Totals

Ouachita

G.C.P.

Delta

2,563,243
788,621
381,234
320,455
210,050
263,814
63,705

3,787,077
1,667,373
330,747
323,004
14,071
231,888
15,051

5,358,504
4,302,369
172,961
646,416
999,664
209,973
535,663

15,583,664
8,374,826
1,957,148
1,950,363
1,471,956
1,001,480
827,610

78,298
55,797
23,825

72,233
55,312
72,116

139,669
85,446
42,935

379,192
296,246
145,123

1,850
7,975

1,638
826

12,677
1,044

44,700
39,331

1,716
108

13,972
125

8,491
847

25,128
1,881

12
7

15
0

7
0

132
21

4,760,710

6,585,448 12,516,666

Total

32,098,801

throughout the 1980's. In terms of year to year harvest the skunk will
probably rank toward the bottom of harvested species for the 1980's.
Two major decreases occurred in Arkansas skunk harvest (Table 1):
one during the 1950's and a second, major decrease, from 1979 to the
present. Historically, the striped skunk was marketed under the label
of 'American Sable' and, with passage of "Truth in Labeling" regulations by the United States in 1951, domestic use of the striped skunk
decreased dramatically. Because foreign garment makers were not under
such laws the demand for striped skunks recovered in the 1960's and
1970's. As foreign countries began to pass laws concerning labeling,
demand for skunks has again decreased with concommitant decreases
in the value of the fur. In Arkansas, the second decrease, beginning
in 1979 (from 33,359 in 1978-79 to 2,468 in 1979-80), was much more
dramatic than decreases seen in other parts of the country (e.g. Texas
trappers harvested 100,000 skunks in the 1979-80 season; P. Dozhier,
pers. comm., 1984). We feel that this major decrease can be correlated
to a skunk rabies epizootic in Arkansas, which reached its peak in 1979
(Heidt et al., 1982; Heidt, 1982). During 1979 there were numerous
published warnings concerning the epizootic, both to the public and
specifically to Arkansas trappers. We thus feel that trappers began to
cease pelting skunks due to rabies and have continued this practice
because of concerns about rabies and low prices.
Regionally (Table 3), the Mississippi Delta has accounted for 54%
of the total harvest size, followed by the Ozark Mountains (32%),
Ouachita Mountains (8%), and the Gulf Coastal Plain (4%). Atpresent, there is no explanation for this unequal distribution.
Gray Fox

-

Urocyon cinereoargenteus
Detailed analyses of gray fox fur harvests have been reported previously (Heidt and Peck, 1983; Heidt et al., 1984). Gray fox ranks sixth in
numbers of total pelts harvested and third in value (Tables 1 and 2).
The importance of the gray fox as an Arkansas furbearer can be accounted for by harvests during the 1970's when 29% of the total gray
fox pelts were sold, representing 64% of the total value of gray fox
(Table 2). Regionally (Table 3), the Ozark Mountains have produced

- 1942-1984:

II.Species Account

mission to reintroduce beaver into the state. Efforts to restock beavers
were largely unsuccessful until the mid-1940's when some populations
seemed to begin expanding their ranges (Holder, 1951). From these early
stocking efforts the beaver population has rapidly expanded until it now
is accorded nuisance status by the Arkansas Game and Fish Commission and is the only furbearer that can be trapped throughout the year.
Harvesting of beaver in Arkansas since 1942 (Table 1) reflects their
re-establishment: no animals were trapped in the 1940's, 1% of the total
beaver harvest occurred during the 1950's, 11% occurred in the 1960's,
50% occurred in the 1970's, and 38% occurred in the four seasons of
the 1980's Regionally, the Mississippi Delta accounted for 37%, the
Ozark Mountains 22%, Gulf Coastal Plain 21%, and the Ouachita
Mountains 20% (Table 3). The harvest levels ofbeaver would probably
be much higher except for the depressed price in relation to trapper
effort to bring the pelt to market. In spite of the low price and the fact
that beaver were not trapped in any volume until the 1960's, beaver
ranks eighth in terms of total value of Arkansas furbearers (Tables 2
and 4).

-

Bobcat Felis rufus
Historically, the bobcat in Arkansas was considered a predator with
no closed season. In 1968, bobcat (together with the coyote and red
wolf) were classified as furbearers, although there was still no closed
season. This was modified in 1973, when bobcats could be taken
during hunting seasons (October-February). Beginning in 1978 bobcat
could only be taken during the regular furbearer season.
The total value and number of bobcat pelts sold has varied considerably during the period from 1942 to the present (Table 1 and 2).
However, 89% of the total pelts have been harvested since 1970, reflecting the increased value of bobcat in markets influenced by the international trade in felids (P. Dozhier, pers. comm.). Regionally (Table
3), bobcat harvests have been slightly higher in the Ozark Mountains
and Mississippi Delta (31% and 28% respectively) and evenly balanced in the Ouachita Mountains and Gulf Coastal Plain (21% and
20% respectively.).

-

Coyote Canis latrans
Coyotes are a species which has only recently expanded its range
into Arkansas. Itis estimated that the coyote began movement into the
state in the late 1940's to early 1950's and was firmly established by
the early 1960's (Sealander, 1979). As would be expected, no coyotes
were harvested in the 1940's and only 14 in the 1950's. Thus, 98% of

the total coyote harvest has been taken in the 1970's and 1980's (Table
1 ). The coyote ranks ninth in both size and value of the total furbearer
harvests (Tables 1 and 2). Regionally, 37% of the coyotes have been
harvested in the Ozark Mountains, 27% in the Mississippi Delta, 19%
in the Ouachita Mountains, and 17% in the Gulf Coastal Plain (Table
3). Coyotes are generalists and, in Arkansas, are often found associated
with chicken producing farms, which may account for the high percent taken in the Ozarks (the center of the poultry industry). A further
explanation for higher numbers in the Ozarks may be that this area
represents the initial point of invasion by expanding populations of
coyotes.

-

55%, followed by the Mississippi Delta (16%), Gulf Coastal Plain
(15%), and Ouachita Mountains (13%). The similarity of the total
harvest in the last three regions is notable.

Eastern Spotted Skunk (Civet) Spilogale putorius
Spotted skunks are thought to occur statewide with the possible exception of the eastern-most portion of the Mississippi Delta. They are
m6st common in the upland areas of the Ozarks and Ouachitas where
they prefer rocky outcrops and ledges (Sealander, 1979). Ninety-two
percent of the spotted skunk harvest (Table 3) has occurred in the mountainous regions of the state (72% Ozark Mountains and 22% Ouachita
Mountains). The vast majority of spotted skunks were trapped in the
1940's (41%), with the remainder following the same general trends
seen in the striped skunk, possibly for the same reasons (i.e., rabies).

Beaver Castor canadensis
Historically, beavers have been the mainstay of the fur industry. In
Arkansas, partly because of unregulated trapping pressure, they essentially became extirpated early in this century (Holder, 1951). Beginning in 1926, efforts were begun by the Arkansas Game and Fish Com-

Red Fox Vulpes vulpes
Red foxes have apparently never been extremely numerous in Arkansas. Itis a species which generally prefers upland woods and farmlands
with meadows and has been most common in the northwestern and
northeastern part of the state (Sealander, 1979). The vast majority of

-

-
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the red fox harvest was during the 1940's (43%). Since 1975 the species
has received protected status by the Arkansas Game and Fish Commission. Of those harvested, most were taken in the Ozark Mountains
(62%) and Mississippi Delta (23%).
There has been a great deal of controversy concerning possible competition between the red fox and coyote. Evidence suggests that where
the two species are sympatric the coyote willdisplace the red fox. King
(1981), however, conducted a study on competition for winter food between the coyote, red fox, and gray fox in northeastern Arkansas and
found little dietary overlap. Because of the low populations ofred fox,
further research into coyote-red fox interactions is warranted.

-

Nutria Myocastor coypus
The nutria is another species which has only recently invaded Arkansas. Originally from South America, the nutria was brought into Louisiana in the 1930's for fur ranching. Nutria subsequently escaped or
were released and expanded its range northward (Lowery, 1974). Itis
estimated that they entered southern Arkansas about 1950 and have
expanded their range throughout the Gulf Coastal Plain, Mississippi
Delta, and Arkansas River Valley. In addition, there may be one or
two isolated populations in the southern Ozark Mountains (Bailey and
Heidt, 1978).
Nutria are becoming more important as a furbearer in Arkansas
(Table 1), with 94% of the total harvest occurring during the 1970's
and 1980's (50% of the total harvest was during the four seasons of
the 1980's). From Table 3, it can be seen that 90% were taken in the
Gulf Coastal Plain and Mississippi Delta (58% and 32% respectively).
In spite of increases in harvests, it should be noted that nutria do not
yet represent a very important fur resource (Tables 1 and 2).
River Otter

-

Lutra canadensis

Unregulated trapping and habitat deterioration during the last century greatly reduced otter populations in the state (Holder, 1951). With
increases in populations ofbeaver, otter populations are beginning to
recover and, except for extreme northcentral Arkansas, are found

throughout the state (Tumlisonetal., 1981; Tumlisonet al., 1982). Increased fur harvests since 1975 may possibly be explained by increases
in fur prices as well as increased otter populations. The majority of
otter are harvested from the Gulf Coast Plain (52%) and Mississippi
Delta (3 1%). The high value of river otter is indicated by the fact that
they are 13th in pelts harvested and 10th in total value (Tables 1 and 2).

-

Mustela frenata
The long-tailed weasel is relatively rare in Arkansas (Sealander, 1979)
and the numbers harvested (never large) have steadily declined over the
>t 40 years (Table 1). The value of weasel has also remained about
e same over this time period (Table 2). Of those harvested, 43% have
me from the Mississippi Delta and 42% from the Ozark Mountains
able 3).

Long-tailed Weasel

I-

Red Wolf Canis niger
The red wolf was trapped in small numbers during the 1940's and
50's (Table 1), but is now thought to be extinct in Arkansas (Gipson
al., 1974). It was thought that red wolves were extirpated from the
ulf Coastal Plain in the early part of this century, but persisted in
e interior highlands until the 1940's (Gipson et al., 1974). Of those
d wolves harvested, 66% were taken from the Ozark Mountain region,
pporting that opinion. Itshould be noted that red wolves have aprently hybridized with feral dogs and possibly coyotes, thus a part
the red wolfgene pool remains in the state (Sealander, 1979). Inadition, because of this hybridization some of the pelts reported during
e 1950's may actually have been hybrids.

Badger

- Taxidea

taxis
The badger is extremely rare in Arkansas, occurring only in the prairie
regions of the extreme northwestern part of the state (Sealander, 1979).
Only three have been reported in the fur harvest since 1942 and those
were taken since 1979.
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ABSTRACT
Correlation and linear regression analyses between mean annual pelt price and total harvest of 1 3 Arkansas
furbearer species between 1965 and 1983 were performed for state and regions (Ozark Mountains,
Ouachita Mountains, Gulf Coastal Plain, and Mississippi Delta). Statewide, strong correlations (r > 0.80)
were identified for bobcat (Felis rufus), coyote (Canis latrans), gray fox (Urocyon cinereoargenteus),
mink (Mustela vison), nutria (Myocastor coypus), opossum (Didelphis virginiana), and raccoon (Pro- 0.79) were identified for eastern spotted skunk (Spilogale
cyon lotor). Moderate correlations (r = 0.55
putorius), muskrat (Ondatra zibethicus), river otter (Lutra canadensis), and striped skunk (Mephitis
mephitis). Nonsignificant correlations (r < 0.468) were shown for beaver (Castor canadensis) and
long-tailed weasel (Mustela frenata). Regional differences were noted for each species.

INTRODUCTION
Furbearer management problems have increased in number, scope,
and intensity during the past decade in response to 1) rapidly growing
demands for furbearers and their products, 2) enactment ofcertain endangered species regulations and treaties, 3) a major decline in upland
wildlife hunting opportunities, and 4) growing antihunting and antitrapping sentiment (Hubert, 1982). In Arkansas, these problems are coupled
with reduction in optimal habitat for many species. Thus, harvest
management programs, now and in the future, require a greater
understanding of the variables which ultimately determine the size of
furbearer populations and of subsequent expected harvests (Erickson,
1981, 1982; Hubert, 1982).
Arkansas and other Midsouth states have traditionally used fur harvest
data as a primary source of information for estimating the condition
of furbearer populations and subsequent management schemes
(McArdle, 1979; Tumlison et al., 1981; Erickson, 1982; Hubert, 1982;
Heidt et al., 1984). However, in Arkansas, as in many states, fur harvest
data still exists in either raw, unsummarized form or is scattered in
various unpublished reports and Game and Fish Commission internal
memos. Wildlife biologists are thus required to sort out and extract
information needed for management decisions. Itis the purpose of this
series of papers to summarize and interpret the raw fur harvest data
that has been compiled by personnel of the Arkansas Game and Fish
Commission since 1942 and present it in a form that can easily be used
for further analyses. The present paper addresses the importance of
mean annual pelt price in relation to total harvest for 13 furbearers in
Arkansas since 1965.
METHODS AND MATERIALS
harvest records used in this study were compiled annually by perinel of the Arkansas Game and Fish Commission. Inthe case of the
r
9 season, unavailable mean annual pelt values were extrapolated
m Missouri furbearer pelt prices. No correction factors were applied
he data to correct for out-of-state sales of Arkansas fur. Following
ckson and Sampson (1978), dollar values were uncorrected for inion. Other potential variables, such as population densities, trapg season length, and trapper effort willbe examined in subsequent

Iuir

The data were analysed using a statistical program (Statpak by
Northwest Analytic, Inc.) on an Epson QX-10 microcomputer. Linear
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Table 1.Magnitude of changes in annual mean pelt value ($) from 1965
to 1984 for Arkansas furbearers, ranked according to decreasing range
in price.
Annual Mean Pelt Value
High

(MPV)

Low

Range

Mean

River Otter

74.99
45.89
47.07

1.00
0.85
12.00

Coyote

20.01

0.75

Raccoon
Mink

18.17
17.88
10.54
8.47
4.79
4.49
3.89
3.04
1.50

1.04
3.36
0.98
3.50
0.72
0.99
0.72

73.99
45.04
35.07
19.26
17.13
14.52
9.56
4.97
4.05
3.50
3.17
2.65
1.20

25.55+23.60
16.85 + 15.48
23.95 + 10.90
8.56 + 6.11
7.60 +_ 6.17
9.16 + 4.64
3.49 + 3.08
+ 1.59
5.59 +
2.23+ 1.44
1.89+ 1.02
1.84 + 1.15
1.20 + 0.81
0.69 +_ 0.26

Species

Bobcat
Gray

Fox

Spotted Skunk
Beaver
Muskrat
Nutria

Striped Skunk
Opossum
Long-tailed

Weasel

0.39

0.30

+_

SD

regression equations relating the variable of mean annual pelt price
(MPV) to the number of pelts harvested/sold (TH) were calculated for

the state harvest and each of the four regional harvests (Ozark Mountains, Ouachita Mountains, Gulf Coastal Plain, and Mississippi Delta).
Correlation coefficients were tested at the 0.01 and 0.05 levels for
significance (Table 25, Rohlf and Sokal, 1981).
RESULTS
Mean annual pelt prices have repeatedly been shown to dramatically
affect the numbers of pelts harvested for a number of furbearer species
(Erickson and Sampson, 1978; Erickson, 1981, 1982; Heidt et al., 1984;
Heidt et al., 1985). It follows that, over the long term, changes in the
magnitude of pelt prices becomes an important component of the total
correlation between mean annual pelt prices and total harvest. Table
1 summarizes the magnitude of changes in the annual mean pelt value
from 1965 to 1984 for 13 Arkansas furbearers. Inall cases, the overall
differences between the high and low values are, with the exception of
beaver (2x), at least three to four times the low value. However, the
most dramatic changes are found in the bobcat (75x), gray fox (54x),
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Table 2. Linear regression equations, coefficient ofdeterminations and
correlation coefficients for the variables of annual Mean Pelt Value
(MPV) and Total Harvest size (TH) of Arkansas furbearers from
1965-1983.
Species

Region

2

th=a+(b*mpv)
(*5
(B)

r

r

;
Gray
Fox

oz

620

,™
(

"8

;id

ar
oz

Bobcat

ou

98
w,3

101
-69

Oil
GCP
md
AR

6182

16922

'

oz
0U
GCP

md
ar

°J5

gcp
Ml)
AR

Coyote

0Z

o!949**

0.817

0.904**
0.848**
0.844**

0.719

o'fwi**

0.761
0.746

0.873**
0.864**

52
33

0.747
0.645
0.676
0.744

0.864**
0.857**
0.803**
0.822**
0.863**

0.219

0.468*

n

7^l
7265

12777
38994

118

}yg

-™l

o!656
0.735
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coyote (27x), and raccoon (17x). These four species represent long-hair
fur which showed dramatic increases in value during the 1970's (P.
Dozhier, Director, American Fur Resources Institute, pers. comm.).
Table 2 summarizes the state and regional linear regression equations,

coefficient of determination, and correlation coefficients for the 13
furbearers examined in this study. Analysis of mean peltprice and annual state harvests have been previously discussed for the gray fox (Heidt
et al., 1984). However, with respect to all of the other species of
furbearers in the state, gray fox harvests have the highest correlation
between MPV and TH (0.954). Allfour physiographic regional harvests
have a high correlation between MPV and TH; the Mississippi Delta
has the lowest (0.703). The relationship between MPV and TH for the
bobcat was almost identical to that for gray fox (0.949). Harvest of
furbearers from the Ozark Mountains had the weakest correlation
(0.790) with pelt value.
Tne correlations between MPV and TH for raccoon, opossum, and
coyote were high statewide and for all regions. Correlations between
MPV and TH of
nutria were.strong statewide
, the. ,,_,
. , and .for. all regions
—..
except the Ozarks (0.337). This is to be expected since nutria are almost
nonexistant in the Ozarks (Bailey and Heidt, 1978). Correlations between MPV and TH of mink show considerable variation, being strong
>n tne Mississippi Delta (0.840), moderate in the Ouachita Mountains
and Gulf Coastal Plain (0.685 and 0.622 respectively) and low in the
468}
(u.40»j.
uzarK
Ozark Mountains m
Striped skunk, spotted skunk (civet), muskrat, and river otter had
moderate statewide correlations (0.55-0.79). The statewide association
between MPV and TH for beaver and long-tailed weasel are considered
to be nonsignificant (r < 0.468, Table 2).

.. —

. .

tr

.

DISCUSSION
UlbCUbblUIN

The general statewide trend is for high value species to exhibit the
highest correlations between MPV and TH. The lack of a strong correlation between the MPV and TH of the river otter may reflect unquantified interactions with beaver, both ecologically and in terms of
trapper dynamics. Several relatively low value species exhibited high
correlation coefficients (i.e., nutria, oppossum, coyote). In general, the
results presented in this paper agree with the correlation coefficients
found by Erickson and Sampson (1978) for Missouri furbearers.
We also found that strong correlations exist within the four major
physiographic regions of Arkansas. However, inter-regional differences
were noted (Table 2). This suggests that price may differentially influence
harvest dynamics for certain high value species in a particular region
and for mQSt QW value species in all regions obviously, a variety of
other factors potentially operated to influence harvest dynamics at the
state level or at the regional level where correlation coefficients were
nonsignificant.
An example of a factor other than price that affected the TH of an
by the correlations for striped and spotArkansas furbearer
F
„ is illustrated
,
.r
te(* skunks. Harvest of these species have been impacted by epizootics
of rabies at times when pelt prices were relatively high (Heidt et al.,
lOS?- Pfrlf
Pt a\
IQR^
1982)
FeCk et
aL ' 1985)

,

.. .

.

-

.
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CONCLUSIONS
Beaver

2

gcp
md
AR
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-37i
-1841

** = highly significant

*

7i
282
898

0.092
0.175

correlation (P<o. oi)
= significant correlation (P<0.05)
ns = correlation nonsignificant (P>0.05)

o.3O3ns
o.4i8ns

'

n s stu dy demonstrates the importance of price in Arkansas fur
harvest dynamics. The regression equations, statewide and regional,
provide a base from which models willbe constructed to aid in analyses
of fur harvest data (e.g., Peck and Heidt, 1985). The weakness of the
correlations for some species indicate the influence of other variables.
possible
In tne future, we plan
, and quantify many
• toe<-identify
, of these
,
r
»
they may have on Arkansas
variables to see what effect
fur harvest

...

.

dynamics.
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A MODEL TO PREDICT ARKANSAS
GRAY FOX FUR HARVESTS
JAMES H. PECK and GARY A. HEIDT
Department of Biology
University of Arkansas at Little Rock
Little Rock, AR 72204
ABSTRACT
Linear regression analysis of total gray fox(Urocyon cinereoargenteus) fur harvests from 1954-1 983
in Arkansas showed a high correlation with mean pelt values (r = 0.956). Single variable models using
linear regression analyses of current season's pelt values (CSPV) and previous season's pelt values (PSPV)
were designed to predict fur harvests. These models demonstrated high correlations for predicting harvests
(r = 0.933 and r = 0.893 respectively). Regional analyses revealed a high correlation between mean
pelt values and harvest for the Ozark Mountain region (r = 0.923), Ouachita Mountain region (r = 0.971 ),
and Gulf Coastal Plain (r = 0.975). The Mississippi Delta region correlation of r = 0.756 suggested
the interaction of other unidentified variables. It appears that in Arkansas, gray fox fur harvests can be
reasonably predicted by using either the CSPV or PSPV models. These models indicate that declines
in the total harvest of gray fox in Arkansas since 1980 are probably due to price declines.

INTRODUCTION
Furbearer management problems have increased in number, scope,
and intensity during the past decade in response to 1) rapidly growing
demands for furbearers and their products, 2) enactment of endangered
species regulations and treaties, 3) a major decline in upland wildlife
hunting opportunities, and 4) growing antihunting and antitrapping sentiment (Hubert, 1982). Thus, harvest management programs, now and
in the future, require an understanding of the variables which ultimately
determine the size of furbearer populations and of subsequent expected
harvests (Erickson, 1981, 1982; Hubert, 1982).
Arkansas and other Midsouth states have traditionally used furharvest
data as a primary source of information for estimating the condition
of furbearer populations and subsequent management (Erickson and
Sampson, 1978; McArdle, 1979; Tumlisonet al., 1981; Erickson, 1982;
Hubert, 1982). Gray fox (Urocyon cinereoargenteus), is the sixth most
harvested species in Arkansas (2% of total pelts) and the third highest
in total monetary value (6% of the total furbearer harvest value)
(McArdle, 1983). Other aspects of the Arkansas gray fox harvest from
the 1939-40 season through the 1982-83 season were summarized, with
data provided by furbuyers, trapper surveys, and Arkansas Game and
Fish Commission records, in previous reports (Heidt and Peck, 1983;
Heidt et al., 1984). Total harvest of gray fox in Arkansas declined steadily from the 1941-42 season, reflecting a decreased price for gray fox
since World War II.Mean pelt values were less than $1.00/pelt from
the 1946-47 season through the 1965-66 season, while values of greater
than $20.00/ pelt have existed since the 1975-76 season. Gray fox harvest
in Arkansas increased dramatically during the 1970's and into the 1980's,
demonstrating the impact that increased mean annual pelt prices had
on the total harvest of gray fox, particularly from 1976 to the present.
The last four harvest seasons (1979-1983) were the largest, third, fifth
and seventh largest respectively in the past 40 years of gray fox harvests.
The magnitude of change in pelt values over the last 25 years was
sufficiently large ($0.20-40.00) to influence the attitudes and efforts of
furtakers, suggesting that the pelt price might have influenced the
magnitude of the Arkansas gray fox harvest. Pelt prices have been
demonstrated to play an important role in the harvest of river otter
(Lutra canadensis) and bobcat (Felis rufus) in Arkansas (Tumlison et
al., 1981; McArdle, 1982) and of raccoon (Procyon lotor) and coyote
(Canis latrans) in Missouri (Erickson, 1981, 1982).
The objectives of this study were to quantify the relation between
pelt price and annual total harvest of gray fox and to formulate a model
to make assessments and predictions of current and future harvests for
purposes of management.

.

Figure 1 Size of total gray fox fur harvest (TH) and mean pelt value
(MPV) for Arkansas from 1954-1983.

METHODS AND MATERIALS
Fur harvest records used in this study were compiled from Arkansas
Game and Fish Commission records. The 1964-65 season was omittec
from analysis because the data for mean annual pelt value, total gray
fox harvested and regional distributions of harvest were unavailable
Inthe case of the 1979 mean annual pelt value, a value for Arkansas
was extrapolated from Missouri pelt prices. No correction factors were
applied to the data to correct for out-of-state sales of Arkansas fur
Following the method of Erickson and Sampson (1978), dollar values
were uncorrected for inflation. Other potential variables such as gray
fox population densities (data not available), trapping season length
(relatively constant) and trapper effort (data not available) were not
used for this model.
The data were analysed using a statistical program (Statpak by
Northwest Analytic, Inc.) on an Epson QX-10 microcomputer. Linear
regression equations relating mean annual pelt price (MPV) to the
number of pelts harvested/sold (TH) were calculated; the correlation
coefficients were tested at the 0.01 level for significance using a onetailed t-test.
Fur harvest models for gray fox in Arkansas was based upon: 1) the
MPV of the current trapping season (CSPV) to predict the current TH
and 2) upon the MPV value of the previous season (PSPV) to predict
the current TH. A comparison was made between the CSPV model and
PSPV model to provide an index to the TH of gray fox in Arkansas
and in predicting the number of pelts expected to be sold in Arkansas.
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Table 1 Prediction equations for gray fox fur harvests in Arkansas.

STATE OR REGION

PREDICTION EQUATIONS

CORRELATION
COEFFICIENT
(r) p < .001

COEFFICIENT
OF DETERMINATION

(r2)

Entire State
1954

-

Present

CSPV Model
PSPV Model

TH = 179.4 MPV + 566.996
TH = 174.3 MPV + 707.4
=
TH 181.5 MPV + 963.9
TH = 96.3 MPV + 398.9

0.956

0.914

0.933

0.871

0.893

0.797

0.923

0.853

Regional

Ozark Mountains

0.971

0.943

Coastal Plains

TH = 40.7 MPV + 5.26
TH ¦ 33.8 MPV + 22.48

0.975

0.951

Mississippi Delta

TH = 14.34 MPV + 100.7

0.756

0.571

Ouachita Mountains

RESULTS AND DISCUSSION
The MPV of Arkansas gray fox were plotted against the TH for each
season since 1954 (Fig. 1). A linear regression was then calculated relating
the TH of Arkansas gray fox and the MPV (Table 1). The correlation
coefficient indicated a high degree of relationship between THand MPV
(r = 0.956, p < 0.01). Price accounted for 91% of the variability in
the harvest (Table 1).
linear regression models were constructed based upon the pelt
ce for the past 16 seasons (Table 1). The first model used MPV of
!current season (CSPV model), while the second model used MPV
the prior season (PSPV model) to predict current harvest. Correlan values of r = 0.933, p < 0.01 (CSPV model) and r = 0.893, p
0.01 (PSPV model) were sufficiently strong for biological predictions.
2 contrasts TH data (reported) with the predicted harvests of
two models (CSPV and PSPV). The two models were equally useful

IFwo

etc.). Further research into variables affecting gray fox fur harvest in
the Mississippi Delta region is needed.
In spite of the fact that the models were formulated with a single
variable, they accounted for as much variability in the magnitude of
harvest (80%, PSPV model and 87%, CSPV model) as was evident in
other furbearer harvest models using multiple variables (Erickson, 1981,
1982). The predictive ability of the models was probably enhanced by
long-term increases in price during the 1970's and into the 1980's for

long-haired, upland furbearers, resulting in increased trapper effort for
those species and increased market values. Figures 1 and 2 also clearly
suggest that the decline in harvest of gray foxsince a high in the 1979-80
season is accounted for by a reduction of the price from $42.50 (1979-80
season) to $26.85 (1982-83 season). Falling pelt prices probably resulted
in reduced harvests of gray fox in Arkansas during the 1980-83 seasons.

IMgure

wedicting the harvest of gray fox in Arkansas, and behaved similar-

o models of Erickson (1981, 1982) which predicted harvests of two

ssouri canivores, the raccoon and coyote. The importance of rising
t price for Arkansas gray fox pelts in the 1970's was evident as a
tor determining the magnitude of harvest.
an effort to examine how the shortcomings in our models might
improved, we further examined the relation of TH and MPV for
h major physiographic region in Arkansas. Heidt et al. (1984)
orted that over the past 10 years the Ozark Mountain region had
tributed 52% of gray fox pelts sold in Arkansas, the Ouachita Mouniregion contributed 20%, the Gulf Coastal Plain contributed 18%
I the Mississippi Delta contributed 10%. The Ozark Mountain region
wed a decreasing percentage of the harvest; the Ouachita Mounis and the Gulf Coastal Plain showed slight increases. The percentof harvest from the Mississippi Delta region remained relatively
jle, although an increase in total harvest was evident.
1 contains the regression equations for regional gray fox fur
'ests in Arkansas since 1954. From this table it can be seen that the
three regions showed a high to very high correlation between TH
MPV. The Mississippi Delta region, with the lowest correlation,
probably influenced to a greater extent than the other regions by
:r unidentified factors (e.g. declining gray fox habitat, trapper ef, availability of alternative furbearer species, gray fox abundance,

Intable

TRAPPING

SEASON

Figure 2. Comparison of actual harvests of gray fox in Arkansas from
1954-1983 with predictions using the Current Season's Pelt Value Model
(CSPV) and the Previous Season's Pelt Value Model (PSPV).
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CONCLUSION AND RECOMMENDATIONS
While pelt price and total harvest correlations have been previously
demonstrated (e.g. Erickson and Sampson, 1978; Erickson, 1982; Heidt
et al., 1984), these data would seem to have questionable management
implications due to the inability to predict future fur prices. However,
for gray fox in Arkansas, our PSPV model using prior season pelt prices
demonstrated comparable predictive value to that of the CSPV model.
Consequently, this model could be used to provide a portion of the data
needed for setting fur harvest regulations and other management decisions regarding gray fox.
The models we presented were based on readily available data, easy
to construct and provide timely and useful predictions. Therefore, investigations ofother species of species of furbearers, both in Arkansas
as well as other states, is warranted. Ifsuccessful, these models would
provide a useful tool for wildlife personnel who make furbearer management decisions.
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RESPONSE OF FISHES TO
REVETMENT PLACEMENT
C. H. PENNINGTON, S. S. KNIGHT,
and M. P. FARRELL
U.S. Army Engineer Waterway Experiment Station
P.O. Box 631
Vicksburg, MS 39180
ABSTRACT
Routine fish sampling with hoop nets was conducted monthly from April through December 1 978 along
natural and revetted riverbanks on the lower Mississippi River near Eudora, Arkansas, to monitor changes
in fish populations affected by placement of new revetment for bank protection. Eighteen species of fish
were collected with four species comprising over 75% of the total catch. During the months prior to revetment placement, freshwater drum, Aplodinotus grunniens, was the most abundant (32.7% of the catch)
species collected. Following in abundance were the flathead catfish, Pylodictis olivaris, (9.8%), common carp, Cyprinus carpio, (7.8%), and blue catfish, Ictalurus furcatus, (3.3%). After revetment placement in August 1 978, the freshwater drum was again the most abundant component, comprising 9.7%
of the catch. Gizzard shad, Dorosoma cepedianum, flathead catfish, and blue catfish followed in abundance and comprised 8.9, 4.1, and 3.4% of the total catch, respectively. Catch per effort data indicated
that fish were generally more abundant at natural bank stations than revetted bank stations but the difference was not significant. The study suggests that fish inhabiting natural riverbank habitat recover quite
rapidly from bank perturbation caused by the placement of revetment.

INTRODUCTION

ted banks prior to and after placement ofarticulated cement mattress
for bank stabilization.

The Mississippi River and Tributaries Project founded under the
auspices of the Mississippi River Commission provides for flood control in the alluvial valley and for navigation improvement of the lower
Mississippi River. The open channel method of navigation control
employed on the lower Mississippi River consists ofdike construction

for channel contraction and secondary channel closure and placement
of revetment to control bank erosion. Revetments have been constructed
using stone riprap, wire fencing, fabriform mat, rubber tires, and a
variety of other materials. Presently, most revetments in the lower
Mississippi River are constructed of articulated cement mattress, with
the upper bank covered by riprap (Keown et al., 1977).
Despite the ubiquity of revetments along the banks of many major
U.S. rivers, the quality of this altered habit is not well known (Miller,
1981). The work reported here compares the fish along natural and revet-

»ure

.

1 Diagram of Mississippi River left bank near Eudora, Arkan, illustrating station locations prior to and after revetment placement
1978.

MATERIALSAND METHODS
From Aprilthrough December 1978, routine sampling was conducted
to monitor changes in fish populations associated with natural and revetted riverbanks on the lower Mississippi River in the vicinity of Eudora,
Arkansas. Three sections of the river bank were chosen for study (Figure
1):

An existing revetted bank composed of stone riprap and articulated cement mattress that was placed in 1970 and extends
from river mile 449.2 to 499.7.
b. A reach of natural bank extending from river mile 499.7 to
500.4. This section ofbank was modified for bank stabilization
with the placement of 1066 m of revetment from August 1978
through December 1978.
c. A natural bank section that extends upstream of the new revetment to river mile 500.7.
a.

There were four sampling stations within each riverbank section. Stations within each section were 100 m apart.
Monthly sampling was initiated on 17 April 1978 at the 12 permanent stations along the riverbank. Each station was sampled with two
hoop nets, one 0.6-m (2-ft) and 0.9-m (3-ft) in diameter. The 0.6-m
nets were always set near the river bank in shallow water, approximately
2m in depth, while0.9m nets were placed in deeper water approximately
3.6 m in depth. Nets were set parallel to shore and to each other for
two consecutive 24 hour periods. Fish from all samples were weighed,
measured, and counted. At each net set made, water depth and surface measurements ofdissolved oxygen, temperature, and water velocity
were taken.
Catch per unit of effort (C/f) was used as an index of fish abundance and comparisons were made among banks over time. Allmean
C/f values are the number of fish caught divided by the number ofunits
of effort (hoop net hours).
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Table 1 Summary of mean catch per effort (C/f), current velocity,
dissolved oxygen (D.O.), temperature, and depth by station group and
type of gear used, April-December 1978, Eudora, Arkansas.
Station

Velocity

*

D.O.

Temperature

Table 2. Frequency of occurrence (percent) of fish captured with hoop
nets at sampling stations 1-4, 5-8, and 12-15.

Depth

*1-4

o

5-8

Group

Gear

C/f

cm/sec

mg/l

1-4

HN2

0.60

39

7.8

19.9

2.1

Lepiaosteua

HN3

0.74

55

7.7

20.6

Aneuilla

rostrata

0.2

0.6

0.2

0.2

cepedianum

°- 45

Dorosoma

1.4

3.7

0.6

3.5

HN2

33

-

4.4

7 8

19 '9

ZA

Carassius

HN3

0.58

47

7.7

20.2

4.2

Cyprinus carpio

4.0

Carpiodes carpio

1.7

HN2

0.28

18

7.7

19.7

2.0

Carp_iodes. cypnnun

0.2

"N3

0.41

23

7.6

20.1

3.4

Ictiobus

bubalus

0.2

Ictiobus

cyprinellus

0.6

C

Speciea

m

Scaphirhynchua

5"8

12-15

*
HN2, Hoop net, 0.6 m diameter; HN3

!

, Hoop_

net, 0.9 m diameter.

RESULTS AND DISCUSSION

_A_

0.2

0.9

0.5

platoatomua

_B_

Ictalurua

furcatus

1.1

Ictalurue

punctatus

0.9

m^l,
chrvsopa

stizoatedion

0.5

2.4

0.5

0.2

0.6

0.5

0.6

1.4

1.6

1.1

0.6

0.3

1.6

2.1

4.5

1.7
0.2

1.1

3.2

B

total

,
7.5

34.1 14.5

17.3

before revetment

and A

-

after

10.9
0.3
8.3

3.5
0.4
2.7

0.5

6.7

1.8
0.8

13.9

0.3

0.5

0.5

4.9

17.7

1.7
0.3

0.6
1.3

0.2

.

2.4
1.3

0.2

0.3

canadense

1.3
0.2

1.4

0.5

Total

_A_

0.2

0.2

Aplodinotua grunniena

-

12-15
_B_

1.7

Uponi8 macrochirua

5

_A_

auratus

.

Morone

Estimates of water quality parameters from the Mayersville Revetment indicate the similarity between the three river sections sampled.
Water temperature and dissolved oxygen concentrations were fairlyconsistent, with no significant differences between the river sections sampled
temperatures from
or
water sets.
•
, , Monthly water
, the deep
,
.K ,.and shallow
.• •
jj
the area indicate that no unusual thermal1 conditions occurred during
Maximum
occurred
in
and
minimum
August,
temperatures
the study.
temperatures were in December. Monthly temperatures rarely varied
more than One degree among Station groupings and between the Shallow
and deep sets at a station. Temperatures recorded from the shallowwater sets were generally slightly lower than temperatures at the deepwater sets. Also, temperatures from stations 12-15, located along the
old revetment were slightly cooler than those recorded at the other stations. Dissolved oxygen determinations indicated a normal tendency
toward winter maximum and summer minimum values. The shallow
sets at a station had only slightly higher concentrations of dissolved
oxygen than did the deeper sets. Analysis of variance did reveal a significant difference between the current velocities at the deep-water and
shallow-water sets forold revetment stations 12-15 and stations 1-4 and
5-8 (Table 1). Monthly current measurements indicated that velocity
at stations along the old revetment for both shallow and deep sets was
less than at other stations grouped by bank type (Table 1). The data
also demonstrated that currents along the shallow inshore sets were less
than, but not significantly different from, the deep-water sets at each
sampling station.
Hoop net catches varied considerably during the nine-month study
along the Mayersville Revetment. Total catches ranged from zero in
numerous net sets to over 16 fish captured at station 2 on 11 July.
Greatest catches occurred during June and July as river stage decreased and water temperatures increased. Catches at all stations were
consistently low from September-December. Some possible explanations for such low hoop net catches are: (a) a steady low water river
stage during September and October; (b) decreased activity of fish caused
by falling water temperatures; and (c) disturbance of the area when revetment was placed on 24 August along the riverbank at stations 5-8 or
by upper bank grading that continued through December.
Total catches were generally greatest along the natural bank at stations 1-4 and 5-8 (prior to 24 August) and lowest at stations 12-15
downstream along the old revetment. Total catch along new revetment
stations 5-8 after 24 August was approximately the same as at natural
bank stations and slightly better than catches on the old revetment. Eddy
currents along revetted bank stations 12-15 were consistently present,
certainly causing some nets to fish improperly.

platorvnchus

_B_

0.6

,

0.8

3.4

7.5

1.4

42.4

13.4

14.7

5.4

99.4

revetment placement

at stations

5-8.

Eighteen species of fish were collected during the study, 16 from
natural bank stations 1-4 and 14 each from natural or revetted bank
stations 5-8 and old revetted bank stations 12-15. Four species of fish
comprised over 75.5% of the total catch. Freshwater drum (Aplodinotus
grunniens) was by far the most abundant species, representing 42.4%
of the total fish catch (Table 2). Flathead catfish (Pylodictis olivaris),
gizzard shad (Dorosoma cepedianum), and carp (Cyprinus carpio)
followed in abundance comprising 13.9, 10.9, and 8.3% of the total
catch, respectively.
During the months prior to the revetment placement, freshwater drum
was the most abundant species (32.7% of the catch) collected. Following in abundance were the flathead catfish (9.8%), carp (7.8%), and
blue catfish (Ictalurus furcatus) (3.3%). After the revetment placement
in August, the freshwater drum was again the most abundant component of the catch, comprising 9.7%. Gizzard shad (8.9%), flathead catfish (4.1%), and blue catfish (3.4%) followed in abundance,
c Mean C/f was used to compare relative abundance of fishes captured
from the three types of riverbank. The data indicate that fishes were
generally more abundant at natural bank stations 1-4 than at other station groupings (Table 1). Analysis of variance among station groupings by month indicated that C/f was not significantly different (a
0.05) except during June and August. In June, C/f on natural bank
stations 1-4 was significantly greater than C/f at stations 5-8 and 12-15.
In October, C/f along old revetted bank stations 12-15 was zero and
significantly different from C/f at stations 1-4 and 5-8.
C/f was generally greater in 0.9-m nets fished in deeper water than
in the 0.6-m nets set in shallow water. However, analysis of variance
ofC/f between the two gears indicated no significant difference in mean
C/f.
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CONCLUSIONS
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FLUCTUATIONS AND RELATIONSHIPS OF
SELECTED PHYSICOCHEMICAL PARAMETERS
INDARDANELLE RESERVOIR, ARKANSAS, 1975-1982
JOHN D. RICKETT and ROBERT L. WATSON
Biology Department
University of Arkansas at Little Rock

Little Rock, AR 72204
ABSTRACT
Annual and seasonal fluctuations and relationships are described for discharge, turbidity, chloride, total
hardness, conductivity and suspended solids over an eight-year period in Dardanelle Reservoir. The
parameters fluctuated rather widely primarily in response to seasonal patterns of rainfall. Chloride and
conductivity were related and generally fluctuated together as did turbidity and suspended solids. Hardness appeared to vary independently of the others prior to 1 979 then varied more closely with chloride
after March 1 979. Inherent differences between the Illinois Bayou arm and the main Arkansas River sections complicated the precise identification of any overall impact of power plant operation. No significant
long term changes were seen, but chloride declined gradually whereas hardness and conductivity increased slightly. Suspended solids exhibited a significant rise in 1982.

INTRODUCTION
Dardanelle Reservoir is located in west-central Arkansas on the main
stem of the Arkansas River near the city of Russellville. The reservoir

was constructed approximately 20 years ago by the U.S. Army Corps
of Engineers as a part of the Kerr-McClellan Arkansas River Navigation System. The lake has a surface area of approximately 13,720 ha,
a shoreline of 510 km, a volume of 656 million m 3 and a mean depth
of4.3 m (range to 16.5 m). The normal pool level stands at 103.3 m
(339 ft) above MSL, and the rate of fall is approximately 0.2 m/km.
The mean long term river discharge (Q) at this point is 1103 cubic
meters/sec (cms) making the average residence time 6.9 days. However,
during this study period the average Q was 773.4 and 770.4 cms if
calculated from monthly means and sample day means, respectively
(USGS 1975-1982). The watershed of the reservoir proper comprises
approximately 40,000 ha and contains a variety of natural and manmade environments including areas of mature hardwood, coniferous
and mixed forest, row cropping, cattle farming, orchards, timber
removal, light industry and limited urban development.
In the late 1960's Arkansas Power and Light Company began construction on a two-unit nuclear generating facility. In conjunction an
environmental monitoring program was begun in 1969. Unit I,which
began commercial operation in December 1974, utilizes an 875 megawatt
dynamo which uses once-through circulation of lake water for condenser
cooling at a rate exceeding 48 cms. The primary goal of this project
was to identify and quantify any physicochemical or biological changes,
especially those caused or accelerated by the operation of Unit I.Other
than USGS Water Data (1975-1982), few literature sources are available
that report general survey characteristics. Chittenden (1979, 1980) and
Chittenden and McFadden (1978) reported on radionuclides, total
dissolved solids and selected cations in Dardanelle Reservoir.
METHODS
Although there have been minor changes in procedures over the years,
the general protocol of this project involved monthly sampling at stations 1 (discharge), 5 (mouth of discharge bay into the main part of
the lake), 16 (intake) and 21 (upstream control) (Figure 1). The average
depths at these stations were 3 m, 3 m, 3.5 m and 12 m, respectively.
The water level fluctuated 0.3 m up or down in response to runoff and
channel dredging. Water samples from 0.6 m and near the bottom at
each station were tested. Turbidity was measured on site, whereas the
others were measured in the laboratory. The samples were transported

Figure 1. Outline map of Dardanelle Reservoir with key sampling stations, 1975-1982.

on ice and refrigerated continuously until analyzed within three days
after collection. Allchemical tests were performed according to methods
recommended by Standard Methods (1975) as adapted by Hach
Chemical Company.
RESULTS AND DISCUSSION
The individual data collected during this project were too numerou
to listin this report. After monthly means and ranges were determinec
for the six parameters, the months were ranked from highest to lowes
by station and test, assigned a rank value from 1 to 12, and the ran
values were summed (Tables 1-3). Our data compare favorably wit

periodic but incomplete readings of conductivity, turbidity and sus
pended solids reported at the USGS gauging station immediately below
the Dardanelle Dam.
Discharge readings (Q) on sampling dates from USGS (1975-1982)
data were averaged by month (Table 1). The years 1977 and 1981 experienced dry springs and wet autumns, whereas the other years followed
the more expected trend of wet springs and dry autumns. Perhaps the
most astonishing fluctuation occurred in 1975 between June and
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ITable 1. Monthly Means of Physicochemical Data, Dardanelle ReserI voir, Arkansas, 1975-1982. Q is given in cubic meters/sec; conductiviIty in micromhos; others in mg/1.
Istation
JANUAKY

1
5
16
21

FEBRUARY

1
5
16
21

MAKCH
1
5
16
21

I

APRIL
1
5
16
21
MAY
1
5
16
21
JUNE
1
5
16
21
JULY
1
5
16
21
AUGUST
1
5
16
21

ISEPTEMBER

1
5
16
21

Q

Turb

461

21.8
21.3
20 .2
18.9

688

37.1

918

1353

1361

432

Chloride

Hard

Cond

11.4

93.6
83.5

74.4
85.3
81
105.2

467.1
522.7

13.8
14
16

84.3
139.5

492. 3
670.5

25.4
17.2
22.7
33.4

77
110.1
81.9
136.6

71
95.2
71.3
94.6

384.9
517.9
475.1
597 1

40.6
46.6
37.5
39.3

25.2
31
39.4
32.3

79.8
106.3
55.6
124.2

70.2
82.2
61.1
116.6

352.3
494
380 1
647.7

31.5
47.6
29.8
50.7

15.6
30.6
22.9
32.9

81.2
110.7
88. 1

56.7
75.5
54.9
92.2

362.3
429.2
413.2
545. 1

178.8

44.9
61.6
41.6
81

22
39.1
15.4
36.4

73.7
83.5
74.4
103.4

32.5

16.4

172.1
192.2
92.2
226.4

49.9
29.6
49.9

909

Sol

26
23.7

27

1540

Sus

29.7

12.4
30.1

84
104.5
80. 4
107.1
93.6

100.9

94.1
116.1

.

.

397.6
469 .9
462.3
520 1

Table 2. Monthly Ranges of Physicochemical Data, Dardanelle Reservoir, Arkansas, 1975-1982. Q is given in cubic meters/sec; conductivity in micromhos; others in mg/1.
Station
JANUARY
1
5

Turb

S.S.

Chloride

Hard

Cond

17-1543

8-52
8-44
5-38
5-32

2-28
2-55
0-35
4-38

37-195
8.5-148
40-138
52-206

25-176
14-170
22-169
28-206

268-805
316-1025
266-800
428-1198

4-93
5-42
6-50
4-40

21-126
56-180
38-125

30-150
51-152
36-145

57-300

48-142

164-705
359-710
326-695
420-832

8-52
9-60
6-102
8-82

10-174
42-203
9-115
52-182

26-117
40-142
18-116
79-166

62-656
251-884
52-732
346-1115

32-228
44-300
38-225
45-348

12-104
34-136
10-116
34-158

215-678
290-760
265-720
350-782

L6
2]

FEBRUARY

1
5

6-140
4-72

16
21

3-80
10-44

MARCH
1

15-1594

148-3075

12-96

5
16

14-110

21

19-97

APRIL
1

19-90

80-2270

12-49

5

16-72

0-42
4-52

If,

16-50

5-45

21

18-85

1-58

40-130
47-158
46-130

14-230
30-232
24-208

254-638
310-666
298-626

48-252

32-275

353-762

47-450
60-500
44-180
68-455

63-150
62-146
62-131
62-162

345-1020
490-1015
338-852
605-1055

3-29

5-52
0-21

76-372
75-262
76-448

58-146
56-158
21-164

484-948
515-990
620-920

5-50

4-34

70-199

50-179

585-1174

88-331
97-402
86-139
102-580

57-179
56-177
47-182
56-176

512-990
505-950
591-995
502-948

.

MAY
1

22-78
42-95
18-65

669.2
718.6
540.4
843.7

5
L6
21

58-109

9-38
18-95
6-26
16-68

20-70

7-30

35-82

6-64
4-22
1W0

24.4
41.1
18.1
35.6

19.6
26.6
12.4
21.9

144.3
131.9
168.6
129.9

114.4
112.6

722.3
701.1

116.9

725.6

124.1

750. 1

20.1
28.8
18.4
29.9

13.6

148.2

16.4

157.4

12.7
18.8

109

190.7

127.8
119.8
118.4
130.5

681.4
704 1
764.4
715.4

18.6
29.6
17.2
21.4

11.3
21.5
18.1
14.4

164.5
163.8
139.8
162.6

122.5
128.5
124.8
142.6

762.2
744.3
852.7
761.8

29.7
31.1
22.7
31.9

25.2
21
16.8
20.2

144.4

119.4
118.1
115.2
120.8

739.1
723.3
804.7
713.6

.

84-2733

JUNE

1
5

201-3401

16

14-50

.'l

35-79

JULY
1

329-2526

r

J

16
21

0-50
6-70

2-56

AUGUST

1
244

Q

101-818

5
lb
21

9-30

5-25

20-42
9-34
14-48

4-32
0-32
12-38

9-30
20-50

0-22
4-42
8-40
5-32

98-420
94-420
104-188

42-176
45-180
38-174

560-885
550-870
700-958

98-405

76-194

590-892

2-56
2-32

94-318
92-312
102-312

42-176
42-174
36-184
44-171

545-806
540-873
670-916
560-938

36-189
34-235
34-192

355-860
358-915
605-930

0-40

103-288
74-324
104-278
94-302

35-172

368-889

6-60
10-60
12-59

0-60
0-44
0-42

24-180
30-185
38-178

178-862
264-870
224-890

8-56

1-44

55-180

30-174
30-172
29-172
30-180

SEPTEMBER
OCTOBER
1
5
16
21
NOVEMBER
1
5
16
21
DECEMBER
1
5
16
21

235

404

19.6
22.1
19.1

144.8

11.5
16.4
11.6
15.6

143.3
143.9
180.7
138.3

120
128.7
123
122.8

704. 7
683. 1
762.2
687.7

22.8
25.1

17.1

114.9

91.2

14.3

124.6

96.9

549.5
566 .8

22.8

12.3
14.8

123
121.1

90.2
108.4

23.7
344

147.4
169.9

OCTOBER
1

3.7-1156

10-22
13-42

26-643

5
lb
21
NOVEMBER
1
16
21

September when Q declined from 3400 to 3.7 cms. Another sharp decline
occurred in 1980 between May and November.
and Q values were strongly correlated except during 1976,
land 1981 (Table 4). Turbidity varied considerably among the stas, months and years, but May clearly gave the highest readings,
reas September showed the lowest readings by a slight margin under
jary and November. These fluctuations closely followed periods
bundant and sparse rainfall, respectively. Typically the Illinois Bayou
contained less turbid water than the Arkansas River section, but
fall created variations. A general heavy rain elevated the turbidity
1 stations, whereas a local storm in the foothills north of Russellville
Id cause greater turbidity only in the Illinois Bayou arm. Several

DECEMBER

1
5
10
21

15-75
23-58
12-46
16-60

2.5-1411

5

609.1

Iurbidity

26.6

622.7

1
5
16
21

8-38
6-46
12-35
4-59

113-649

5-35
1-45
0-22
2-32
1-32

92-300

414-902

times a rainfall in part of the upper Arkansas River basin would strongly
elevate turbidity in the main section of the lake. Using turbidity
we observed one aspect of mixing accomplished by
measurements
passage through the plant. Station 5 typically showed a layering effect
produced when the warmer, less turbid water from station 16 came from
the discharge and flowed out over the top of the Arkansas River water.
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Fluctuations and Relationships of Selected Physicochemical Parameters in Dardanelle Reservoir, Arkansas

Table 3. Cumulative Ranking Values for Months Listed from Highest
to Lowest Physicochemical Concentrations, Dardanelle Reservoir,
Arkansas, 1975-1982.
Variables

Q vs T
Q vs SS
Q vs Cl
Q vs H
Q vs C
T vs

T

vs

SS
Cl

T vs H
T vs C
SS vs Cl
SS vs H
SS vs C
Cl vs H
Cl vs C
H vs C

1975
nrp
12
12
12
12

12

-

37
34

-

36

33
38

34

.899
.581
-.561

-.049
-.510

-

-.572
.136
-.344

-

-.091
.645
.289

.0001
.0228
.0278
.4366
.0439

-

.0002

.2260
.0189

-

.3096
.0001
.0469

1976
nrp

12
12
12
12
12
36
36
36
36
37
36
36
40
40
40

1978

Q vs T
Q vs SS
Q vs Cl
Q vs H
Q vs C

.842
.459
.077
.254
.471
.252
.405
.138
.727
.431

.1457
.1505
.2015

.3735
.3697

29
32
32

.0554

28

.0018

32

.0675
.0068
.2024
.0001

32
28
32
28

.0028

28

.0102

34
34

.841
-.406

.0001
.0081

.285

.0305

.0196
.0374
.0688
.0134

Oct

27

Oct

30.5

Nov

7

Feb

25.5

Jun 26.5

Jul 29

Jan

6

Jul 24

Jul 26.5

Apr

24

Aug

5

Dec

20

22

.2190
.4268
.4056
.0003
.0001
.0001

-.221
-.118
.406
.661

.0637

47

.759

.0001

42

.971

12
12
12
12
12

.413
.519
.268
.044
.146

.0901
.0406
.2047
.4432
.3265

12

.592
.366
-.394

12

-.339

.0205
.1202
.1016
.0989
.1403

48
48
48
48
48

.434
-.099
-.272
-.300
.179

.0012
.2553
.0291
.0180
.1103

48
48
48
48
48

.606
-.428
-.339
.051
-.202

.0001
.0014
.0088
.3648
.0828

48

48
48
48

.272
.073
.794
.909

48
48
48
48

-.408
-.302
.704
.918

.0021
.0173
.0001
.0001

48

.893

.0290
.3147
.0001
.0001

48

.789

.0001

1981

vs H
SS vs C
Cl vs H
Cl vs C
H vs C

8

Feb

48
48
48
48

.0404

SS

Jul

.4548

.0001
.0001
.0001

.315

SS
vs Cl
vs H
vs C
vs Cl

Aug

-.094
.113

31

.0052
.0022
.4358
.0257
.0901
.0001

.0408
.0307
.2651
.2250
.2158
.0022
.0001

19S2

.0001

12
12
12

-.398

The intensity of this layering was regulated by the volume of water
pumped through the plant, the direction of wind and the discharge of
the river (Rickett and Watson, 1982). Turbidity at station 21 was greater
than at station 16 10 of 12 months by a mean of 12.9 FTU's. Turbidity
at station 1 was greater than at station 16 all months by a mean of 3.2
FTU's, which was probably not caused by current disturbance of the

bottom sediment. Shortly after the plant began commercial operation,
we began experiencing great difficulty obtaining a benthos sample at
station 1 because the current had scoured the loose silt away leaving
hard gray clay.
The greatest average concentration of suspended solids was measured
in March with May showing a close second, whereas November had
the lowest (Table 1). The late winter and spring months had the highest
values, while the late fall and winter months had the lowest. Again station 21 had larger values than station 16 10 of 12 months by a mean

Sep

18

Dec

33

36

34

Jun 35

Jun 26

Nov 32

Dec

22

Dec 23

May

20

Jan

21

15

Feb

14

Oct

Nov

4

Aug

17

Aug

17.5

Jan 17.5

Jan

Dec

3

Nov

11.5

Dec

13

Feb 14

Mar 13

Sep

2

Jan 11

Jan 13

Mar 10

Feb 12

May

1

Sep 10

Nov

May

Apr

Apr 8

Oct

10.5

5.5

Mar 10

4

9

of 7.6 mg/1. There was no significant difference between stations 1
and 16 with respect to suspended solids. Pearson correlation analysis
showed a strong positive correlation between turbidity and suspended
solids (Table 4).
Chloride concentrations were highest in June and lowest in May, bu
there was much inconsistent variation month by month. Apparently
the spring rainfall diluted the chloride concentration, which quickly
recovered during the next month. There was more chloride at station
21 than 16, eight months out of 12 by a mean of53.6 mg/1 There wa
no real difference between stations 16 and 1; the concentration was
greater at station 1 five months out of 12 by a mean of 13.9 mg/1
Sinclair and Watson (1978) reported a somewhat stronger correlation
between Q and chloride than our data, which show a weak positive correlation in 1976 and 1981, a significant positive correlation in 1977 anc
zero or negative correlations during the other years (Table 4). The locationof a storm might help explain this fluctuating correlation. A localized heavy rain in western Arkansas should dilute the river water giving a negative correlation, whereas a rainfall in the major chloride source
areas of eastern and northeastern Oklahoma would result in more
chloride with the heavier discharge showing a positive correlation. The
zero correlations would be observed witha generalized rainfall or a storm
located in an intermediate area.
The greatest conductivity readings occurred in September, whereas
the lowest values were obtained in April with May and March showing
very low values. Conductivity values increased rather steadily between
April and August and declined rather steadily between October anc
March. Station 21 had greater conductivity than 16 only seven months
out of 12, but the mean difference was 109.4 micromhos. Station 16
had higher conductivity readings than station 1 during 11 of 12 months
and was greater by a mean of45.7 micromhos. Apparently the passage
through the condenser circuit removed some of the ions. Pearson correlation tests showed a rather strong positive correlation between chloride
and conductivity (Table 4). Generally minimum conductivity
measurements were observed during the periods of greatest Q because
of dilution, although the highest conductivity readings did not necessarily
coincide with periods of lowest Q but occurred generally within two
or three months following a peak Q reading.
Total hardness was also greatest in September and lowest in April,
but the months between were arrayed differently than for conductivity. Station 21 showed higher values than station 16 11 of 12 months
by a mean of 21.6 mg/1, but there was no significant difference between stations 1 and 16. Pearson correlations showed a moderate positive
correlation between hardness and conductivity (Table 4).
Correlation may also be tested non-statistically using a rank matching
technique. Iftwo datasets are positively correlated perfectly, the rank-
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41

.3175
.4356
.0305

48
48

.0001
.0001

47

Oct

Jul 36

.0001
.0001

-.646
-.673
.950
.964

46

Aug 43

Jul 35

-.738
-.599

46
42
45
42

42

Nov 42

.778
.251

.1554
.1974
.0759
.0001

Sep 40
Aug 38

-.269

34
.179
31 -.162
34
.249
31
.737

Jun

40

Oct 37

48

vs H
vs C
vs H
vs C
vs C

42.5

May

36

48
48

SS
SS
Cl
Cl
H

Mar

40

Apr

.0001

.0204
.2593

May

48

Feb 38

.0001
.0001

-.569
-.413

Mar

Cond
Sep

Apr 39

-.727

.050

11

Hard
Sep

Jun 39

.890
-.690

12

.704
.759

12

Jun

Chloride

9

12
12
12

Mar

S.S.

10

12

31 -.366
34 -.116

vs

-.034
-.044
.616
.881
.744

Turb
May

Apr

.0001
.0010
.0002
.0003

vs H
vs C
vs Cl

T
T
T
T
SS

.285
.021
-.150

q

.0600

.0001

46
46
47
42
46

Q vs C

.092
.030

.3467
.3015
.0374
.0459

.925
.973
12 -.802
12 -.877
11 -.884
12
12

43

Q vs Cl
Q vs H

.135
-.179
.554
.529
.494

1980

vs SS

Q vs T
Q vs SS

11

.0001
.0016
.3050

T
T
T
T
SS

vs Cl

11
11
11
11

1979

.680
.623
-.555
-.475
11 -.658
11
11
11
11

.332
.326
.271
.103
.107

1977
nrp

Table 4. Pearson Correlation Tests on Physicochemical Data, Dardanelle
Reservoir, Arkansas, 1975-1982. Q = discharge; T = turbidity;
SS =suspended solids; Cl = chloride; H =hardness; C =conductivity.
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Table 5. Ranking Match Correlations (z), Compared with Mean Pearson r values from Table 3. Physicochemical data from Dardanelle Reservoir, Arkansas, 1975-1982.
Variable

Q vs turbidity
solids

2.00

.500

.585

turbidity

1.940

.0312

0.986

.1771

2.33

.429

.496

sus. solids

1.897

.0340

0.108

.4558

chloride

2.282

.0154

0.359

.3616

hardness

2.496

.0097

0.114

.4529

conductivity

1.154

.1301

0.621

.2738

Q

vs chloride

4.83

.207

.146

Q

vs hardness

5.50

.182

-.212

Q vs conductivity

5.33

.188

-.257

turbidity vs sus. solids

1.33

.752

.640

turbidity vs chloride

4.67

.214

-.182

5.17

.193

-.018

turbidity vs cond.

5.17

.183

-.190

sus. solids

vs chloride

5.00

.200

-.043

sus. solids

vs hardness

5.17

.193

-.087

sus. solids

vs cond.

5.42

.184

-.117

chloride vs hardness

2.00

.500

.471

chloride vs conductivity

1.83

.546

.805

vs conductivity

1.33

.752

.640

hardness

g of items (months, in this case) should match perfectly. If the corlation is less than perfect and the two ranked lists (Table 3) are comared side by side, the number of positions each entry in the second
ist must be moved to match its counterpart in the first list should be
n indication of the lack of correlation. The total number of positions
le entries in the second list must be moved divided by the number of
tries in the list yields the average number of positions moved per
try. This was done for each of the 15 possible correlation pairs. These
lues (z)may be inverted and compared with the Pearson correlation
values (Table 5). Inverted z values could range from zero to one, smaller
cimals representing less correlation. While the Pearson r values may
)e negative (inverse correlation), inspection indicates z values less than
out 0.2 show a beginning negative correlation. This shows turbidity
d suspended solids and hardness and conductivity to be strongly corated with a value of 0.752 each. Chloride and conductivity were
oderately correlated at a value of 0.546, whereas chloride and hardss and Q and turbidity were correlated at a value of 0.500, each, and
and suspended solids were correlated at 0.429.
Bi-annual means of Q declined from 904 to 660 cms, whereas the
bi-annual means for chloride declined from 170 to 101 mg/1. Bi-annual
means for hardness and conductivity increased from 94.4 to 133 mg/1
and from 520 to 676 micromhos, respectively. Hardness showed one
fluctuation, while the others exhibited uniform trends. Turbidity showed
no long term tendency to change, and neither did suspended solids, except in 1982, which revealed a sharp rise.
(Table 6) showed no significant differences between stations
(intake) and 1 (discharge), although turbidity had a near-significant
ue of 0.1771. However there were significant differences between
tions 16 and 21 All parameters except conductivity were significant
p = 0.05 or below, and even conductivity had a lower p value than
/ test between stations 16 and 1.

IF-test

Sta 16 vs 1
t
p

Mean r

vs susp.

vs hardness

Sta 16 vs 21
t
p

1/z

z

Q

turbidity

Table 6. T-test results for Significant Differences Using Monthly Means
of Physicochemical Data, Dardanelle Reservoir, Arkansas, 1975-1982.

.
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Compared with eutrophic Big Bear Lake (California) (Siegfried, et
al., 1982) total hardness was lower and conductivity higher in Dardanelle
Reservoir. Holland, et al. (1983) determined that suspended solids, total
dissolved solids, organic carbon and pH had minor effects on the rotifer
community, whereas temperature and dissolved oxygen were more important. Rickett and Watson (1982, 1983) determined these two
parameters were normal and that the rotifer community was abundant
and diverse in Dardanelle Reservoir. Arruda, et al. (1983) determined
that a heavy suspended solids load (up to 100 mg/1) reduced algal carbon filtering and ingestion by Daphnia to near a starvation level. At
higher concentrations, though, Daphnia were apparently starved to filtering sediment particles to which organic particles had adsorbed and
therefore survived. We occasionally measured suspended solid concentrations exceeding 100 mg/1, but the mean was much lower.
CONCLUSIONS
Fears that an operating generating station would ruin the lake
environment have been largely unjustified. Minor changes have occurred, but at this time, they are limited to a local warm water dispersal pattern (Rickett and Watson, 1982), a shift in the dominant taxa
of rotifers (Rickett and Watson, 1983), a gradual decline of Q and
chloride and a slight increase of hardness and conductivity. These fluctuations may include a minor component of plant operation impact,
but so far we have been unable to separate or positively identify the
components. However, it is important to be watchful for signs of advanced eutrophication and changes in physicochemical characteristics.
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AGE AND GROWTH OF THE BLUEGILL
LEPOMIS MACROCHIRUS RAFINESQUE
FROM AN UNMANAGED WATERSHED LAKE
IN NORTHEAST ARKANSAS WITH
OBSERVATIONS ON LAKE ECOLOGY
STEPHEN A. SEWELL 1
Department of Biology
The University of Mississippi
University, MS 38677
ABSTRACT
Age and growth data were compiled on 1 1 4 bluegill, Lepomis macrochirus Rafinesque, taken from
floodwater retarding structure #15 of the Big Creek Watershed project in Craighead and Greene counties of northeast Arkansas. This project was completed in the early 1 960's by USDA-SCS. The 73 surface acre lake has not been managed for fish production and has been subjected to unscheduled water
level manipulations during dry weather periods. These manipulations have maintained the bluegill population in healthy condition. The oldest bluegill collected were age class IV+ .-Average condition coefficient
K(TL) declined from oldest to youngest individuals (2.96 in age class IV+ 2.20 inage class I+ ), while
numbers in age class declined from the youngest to the oldest within the sample (age class IV + = 1 [0.8%];
age class l+ = 74 [64.9%]). The length-scale radius relationship was L = 9.51 + 46.92S, with a
=
correlation coefficient (r) of 0.96. The length (60-1 78 mm)-weight (4.7-1 55. 9g) relationship (Log W
1 .4 Log L- 1 .37) indicates that weight has not increased as the cube of length. The utility of drawdown
as a fishery management technique is discussed.

INTRODUCTION
Age and growth studies have long been used to determine fish health
and condition, to compare the capabilities of water bodies for the fish
production, and to assess fish management strategies (Lagler, 1956).
The bluegill sunfish, Lepomis macrochirus Rafinesque, has been used
as the subject species in numerous age and growth studies throughout
the United States and as being representative of similar sunfishes
(Carlander, 1977; Lewis, 1983). This paper describes the age and growth
of bluegill in floodwater retarding structure (FWRS) #15 of the Big Creek
Watershed project in Craighead and Greene counties, Arkansas (Figure
1). This project was completed in the 1960's by the USDA-Soil Conservation Service (SCS) under the authority of the 1954 Watershed Protection and Flood Prevention Act (Public Law 566, 83rd Congress)
(USDA-SCS, 1961). These flood water retarding structures are impoundments designed with flood control as their primary purpose. Some fish
and wildlifebenefits typically result from the construction of these structures, though often incidentally (Nord, 1963; Dillon and Marriage, 1973;
Grizzel, 1960; Hatcher, 1973). FWRS #15 has a sediment pool which
covers approximately 73 surface acres (29.2 hectares) with a designed
flood pool of 256 surface acres (102.4 hectares) (USDA-SCS, 1961) and
supports an estimated 1500 recreational activity occasions (person-days)
per year (USFWS, 1980).
site #15 drains 2,855 acres (1142 hectares) of the upper Big Creek
itershed on Crowleys Ridge. Soils within the area are dominated by
llins, Calloway and Loring silt loams. These soils are considered to
re fair to very poor suitability for supporting wetland plants
rguson, 1979) and comprise the bulk of the water-borne sediments
'ering the bottom of the sediment pool of Site #15. Bottom depths
hin the site range from 0.3 - 7.0m. Substrates are typically either
y mud (as a result of water-borne sediment load and parent materials)
Jetritus from the upper watershed and decay of former forests within
site. Topography of the area is characterized byridges with narrow
iding tops, short side slopes and narrow valleys between ridges
)bertson, 1969). The structure was partially drained (50%) during
summer of 1979 and has not been managed for fisheries. Over 370
h structures, averaging 13.64 hectares in size and incorporating

I

Figure 1. Location of Site #15 (shaded) in the Big Creek Watershed,
Craighead and Greene counties, Arkansas.
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Figure 2. Average weights during each year since drawdown (1979) of bluegill sunfish from Site #15, Big Creek Watershed,
counties, Arkansas. Absolute weight gain (w2-wl, Ricker, 1975) shown in parentheses between years.

various levels of

management,

have been built by SCS in Arkansas

(Bates, 1985).

The remainder
described above.

of this

report

will deal only with Site #15 as

METHODS AND MATERIALS
One hundred and fourteen bluegill were collected from Site #15 during routine rotenone sampling by the author and Arkansas Game and
Fish Commission personnel at the request of one of the landowners
(Dr. BillR. Cato, Jonesboro, AR). The sample area was a representative acre along the southwestern bank of Site #15 and included a section of the borrow pit for dam construction. Several species of fish were
collected from the site and will be discussed further in later publications. Scales for study were selected by the "Key Scale" method suggested by Lagler (1956). Key scales were designated as those from an
area approximately 10 scales back from the head and 5 down from the
lateral line along the right side of the fish. Approximately 20 scales were
collected from each fish, with the total length recorded in millimeters,
and weight recorded in grams.
Scale annuli counts were made by the use of an American Optical
dissecting microscope in conjunction with an American Optical light
source. Measurements on each scale were made using Helios dial calipers
from focus to each annulus and from focus to scale margin along the
anterior median of each scale.
Age determinations were made by direct annuli count. Since collection was made in mid-summer, the age referred to herein represents
the number of the last complete annulus plus any growth after forma+).
tion (e.g. III
Measurements ofindividual fish were manipulated according to the
basic mathematical formulae discussed and displayed in Lagler (1956),

Ricker (1975) and Carlander (1977). These are discussed and compared
with other data summaries (Allen and Aggus, 1981; Noble and Steinbach, 1981) as appropriate.
A limited amount of physicochemical
and biological
(macroinvertebrate) water quality data was collected in conjunction with
fish collections. A Hach DR/EL-2 portable water quality laboratory
was used to develop physicochemical data. Standard nets were used to
sample macroinvertebrates.
Soils data discussed herein were taken directly from published soil
surveys for Craighead and Greene counties, Arkansas (Robertson, 1969;
Ferguson, 1979).

RESULTS

- weight

-

(4.7
155.9g) relationship as
The length (60-178mm)
calculated using Le Crens (1951) proposal was Log W = 1.4 Log L
1.37. The correlation coefficient 1.4 was significantly different from
3.0 (a = .10) indicating that weight did not increase as the cube of length.
Figure 2 illustrates the trend in absolute (weight) increases (w2-wl)
observed within the site by indicated year classes.
The coefficient of condition K(TL),was calculated for each bluegill
from the expression K(TL) = W/L3 x 100. The K(TL) for individual
fish varied from 1.96 to 3.34 with an average of 2.31 (Table 1). This
average which exceeded the average reported by Trenary (1958) from
Lake Fort Smith, Arkansas, would be rated "good" by Illinois standard (Bennett, 1948) and approaches "excellent" by Minnesota standards (Carlander, 1944). This average K(TL)(2.31) was similar to that
found in other temperate waters reported by Carlander (1977), and was
not significantly different from ponds in North Carolina, Tennessee
or New Mexico.

-
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Table 1 Average coefficient condition K(TL) for bluegill sunfish from
Site #15, Big Creek Watershed, Craighead and Greene counties,
Arkansas.
"

—

1

K(TL)

Table 3. A comparison of total length (mm) at indicated annuli of
bluegill sunfish from Site #15, Big Creek Watershed, Craighead and
Greene counties, Arkansas, with other Arkansas studies. (* =
= .10).
significantly different at a =
Annulus

Class

Yr.

2.96

(1980)

- Site

III+

2.79

(1982)

1+

(1983)

3

4

114

68

119

152

173

124

49*

102*

122*

#15

1

84*

8
L.

11+

2

2
Bull Shoals

(1981)

1

If Fish

mK(TL)

Present

IV+

Number

II Fish

2.42

Catherine

2

L. Hamilton

74

64

114

152

180

45

76

117

155

175

84*

147*

188*

206*

,

30

2.20

42

L. Ouachita

2

Table 2. Average calculated total length (mm) of bluegill sunfish at the
indicated annuli from Site #15, Big Creek Watershed, Craighead and
Greene counties, Arkansas.
1
Annulus Number
YEAR CLASS

1

2

3

103

137

160

III+ (1981)

74

115

143

11+

(1982)

61

105

1+

(1983)

it

IV+

et al, 1967.

4
?

(1980)

Applegate,

173

Hulsey and Stevenson,

1958.

naturally or artifically increased hydrophyte growth for success in either
wildlife or fisheries management (Dillon and Marriage, 1973; Grizzell,
1960; Hatcher, 1973).

Within Site #15, soil fertility may be a limiting factor to effective
drawdown for hydrophyte increases. The Callaway, Collins and Loring silt loam soils are not well suited to hydrophyte establishment. These
soils are not only dominant in the upper watershed, but are also the
chief constituents ofsubstrates within the site. Water-borne sediments
have also increased turbidity levels slightly (39 NTU) and may have contributed to slightly high total dissolved solids (540 mg/1), but water
quality within the site is generally satisfactory for fish production (State
of Arkansas, 1981). As a result, the average observed fish condition
K(TL) is surprisingly good in Site #15 considering the lack of
management.

Average

68

119

152

173

Number of Fish

74

30

8

2

-

The total length (L) scale radius (S) relationship for Site #15 was
L = 9.51 + 46.92S with a correlation coefficient (r)of0.96. The average
calculated lengths at the time ofannuli formation are displayed in Table
2. Comparison of lengths of age groups I- IV reveals a steady decline
in length at comparable annuli during the period 1980 through 1983.
Comparison of the length data shown in Table 2 with equivalent data
from other Arkansas impoundments (Table 3) indicates that Site #15
bluegill grew in length like Lake Catherine and Lake Hamilton bluegill.
Length gain at each annulus was significantly higher than Bull Shoals
Lake and significantly lower than Lake Ouachita (a =.10).
DISCUSSION
Periodic major drawdown has been used effectively by fish and
wildlife managers (Allen and Aggus, 1983) and usually depends on

Carlander (1977) noted that condition of bluegills increased after
drawdown of Bear Camp Lake, Georgia, in a study by Pierce, et al.
(1965). Cichra and Noble (1980) found that summer drawdown caused
increases in clarity, alkalinity, hardness, and improved fish condition.
Roland (1970) found that increased hardness increased the average condition of bluegills.
Following a partial drawdown (50%) of Site #15, average condition
coefficient K(TL),improved initially but slowly declined as population
size increased (Table 1). Schmittou (1968) noted that a higher population density resulted in a lower condition factor. Average condition improved for two years after 90 percent removal of an Oklahoma population (Jenkins, 1959). In Site #15, drawdown acted to concentrate the
ichthyofauna along the dam where water remained. Under these conditions, natural mortality and predation were presumably greatly increased. Bluegill populations were reduced sufficiently to avoid the severe
stunting which could be expected in an impoundment of this age and
size without management.
The similarity of the results of drawdown, whether good management or mismanagement, is noteworthy. Cichra and Noble (1980) noted
several positive effects of approximately 50 percent summer drawdown
in six flood prevention lakes in central Texas. While not appreciably
increased, growth and condition of bluegill in Site #15 were main-tained
at a high level by a summer drawdown of greater than 50 percent. In
the former case, drawdown was accompanied by hydrophyte establish-
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ment. In the latter case, hydrophyte establishment was very insignificant or substrates unsuited to hydrophytes, but fishery benefits accrued
regardless. Drawdowns may provide a lost-cost fishery management
technique for floodwater retarding structures not otherwise managed
to support a fishery. Stable shallow reservoirs of the size (100 ac/40
ha) most often constructed in flood control projects can benefit great-

ly from extensive ( > 50%) drawdowns, if properly timed (Allen and
Aggus, 1983). Previous studies (Allen and Aggus, 1983) have pointed
out that annual dewatering through summer months can lead to an unproductive littoral zone resulting in poor growth and survival of fish,
particularly young-of-the-year. A five to six year drawdown frequency
was suggested. Based on the observations on Site #15 presented herein,
a three to five year drawdown cycle can produce significant low cost
benefits to an unmanaged recreational fishery in flood control water-

shed lakes.
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LIME NEEDS AND TRENDS IN ARKANSAS
CLIFFORD S. SNYDER and STANLEY L. CHAPMAN
University of Arkansas
Cooperative Extension Service
Little Rock, AR 72203
ABSTRACT
Consumption of agricultural lime in Arkansas declined significantly during the past seven years. During
each of the past four years, lime consumption was lower than any time since 1 960. The quantity of lime
needed for optimum crop production on Arkansas' soils is estimated to be 2,678,700 metric tons (MT)
(3,000,000 tons), based on University of Arkansas soil testing summaries. Since 1 980, less than 285,728
MT (320,000 tons) of lime have been used each year. Itis the natural tendency for most soils in Arkansas to become more acidic with time. Periodic addition of agricultural limestone, however, can neutralize
soil acidity and help to maintain soil productivity. Nitrogen fertilizers, applied for the production of most
agricultural crops, may also contribute to the acidification ofsoils. The annual consumption of acid-forming
nitrogen fertilizers in Arkansas increased from approximately 223,225 MT (250,000 tons) during fiscal
year 1974-75 to about 392,876 MT (440,000 tons) by fiscal year 1983-84. At least 2.5 times more
lime was needed than was used, just to neutralize the residual acidity from acid-forming nitrogen fertilizers
alone, during the same period. Shifts in crop hectareages did not account for the magnitude of decline
observed in lime consumption. If lime consumption does not increase in the future, and if acid-forming
nitrogen fertilizer consumption follows the current increasing trend, soil acidity will cause a decline in the
yields of acid-sensitive crops.

INTRODUCTION

Liming has been regarded for many years as an essential component
of prosperous agriculture in the Southern United States (Adams and
Pearson, 1967). Itis the natural tendency for most soils in the southern
U.S. and Arkansas to increase in acidity over time. Periodic additions
of ground agricultural limestone can neutralize acidity near the surface
(0 to 15 centimeters) of most soils. Ifallowed to go unchecked, soil
acidity may build up to levels that cause crop yield reductions or failure.
Thompson and Sabbe, in 1969, estimated that 8.9 million metric tons
(MT)(10 million tons) oflime would be needed to bring all of the acid
soils in Arkansas to pH 6.5. Sabbe and others (1973) summarized the
fertility status of Arkansas soils based on soil samples submitted to the
University of Arkansas Soil Testing Laboratory between 1961 and 1964.
They found that 72.9% of the soil samples submitted had a pH of6.0
or below and required lime. The last report on lime needs in Arkansas
was by Chapman (1976).

The objectives of the work presented here were: (1) to update the
knowledge regarding soil acidity and lime needs in Arkansas; (2) to attempt to determine what factors have most likelyinfluenced past trends;
and (3) to examine the potential impact current lime trends may have
on future agricultural productivity.
METHODS AND MATERIALS
Data from the Arkansas Crop and Livestock Reporting Service
(1981a, 1981b, 1982, 1983, 1984) were used to determine the hectareages
planted in the following crops between fiscal years 1969-1970 and

1983-1984: corn, cotton, rice, sorghum, soybeans, oats, and wheat. Lime
consumption and acid-forming nitrogen fertilizer (Andrews, 1954) usage
data were derived from annual Arkansas State Plant Board summaries
for the fiscal years mentioned previously. Numbers oflime vendors and
lime producers were determined from unpublished reports by the Arkansas State Plant Board for fiscal years (FY) 1974-1975 and 1983-1984.
Lime needs were based on soil testing summaries for the state, compiled by the University of Arkansas. Current lime needs were estimated
using the following procedure. The percentage of the sampled (soil
samples submitted to University of Arkansas in 1983) hectareage with
pH values less than 5.8 was calculated. This factor was then multiplied
by the total hectr reage in each county used for crops and pastures, with
$1,000 or more of agricultural products sold annually. The resulting

total hectareage with a pH value of 5.8 or less was then multiplied by
a conservative lime application of 0.8929 MTper hectare (one ton per
acre). This yielded a conservative estimate of the total tons oflime needed

on Arkansas soils for maximum crop yields. This quantity of lime would
also help to improve and/or maintain soil fertility levels.
Recent trends in crop hectareages, acid-forming nitrogen fertilizer
consumption, numbers of lime vendors and producers, and agricultural
lime consumption were compared to historic trends summarized by
Chapman (1976).

RESULTS AND DISCUSSION
Following 1954, lime consumption has varied (Figure 1). Prior to 1976,
there was an increasing trend. Since 1976, the trend has been one of
decline. Lime use during FY1983-1984 was lower than at any time since
1959, when more than 312,515 MT (350,000 tons) of lime were sold.
Lime needs have increased from slightly more than 0.89 million MT
(one million tons) in the early 70's to approximately 2.7 million MT
(three million tons) currently (Figure 2). In FY1974-1975, there were
25 liming material producers registered with the State Plant Board that
supplied Arkansas. Currently, there are more than 40. Approximately
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Figure 2. Trends in Arkansas' lime needs versus lime consumption since
fiscal year 1969-1970.

Figure 3. Trends in acid-forming nitrogen fertilizer consumption ver-

sus lime consumption in Arkansas since fiscal year 1969-1970.
60 percent of the liming material producers are from outside the state.
The number of liming material producers within the state has remained essentially the same since FY 1974-1975.
There were 176 lime vendors serving the state in FY 1974-1975.
During the FY1983-1984, there were 167 lime vendors registered with
the State Plant Board. Itis apparent from these figures that the number
of lime vendors has decreased slightly since 1975, while the number of
liming material producers has slightly increased.
Possibly, more important than the number of lime vendors is the
distribution of vendors within the state. During FY1974- 1975, 35 counties in Arkansas had two or more vendors while 10 counties were without
a lime vendor. In FY 1983- 1984, there were still 35 counties that had
two or more vendors, but the number of counties without a vendor had
increased to 14 since FY 1974-1975. However, this shift in the number
ofcounties without a vendor probably did not play a major role in the
almost three- fold decline in lime usage since about FY1974- 1975.
The average lime cost for the state in FY1974- 1975 was $7.95 per
MT($8.90 per ton) spread, based on Agricultural Stabilization and Conservation Service estimates. During FY1983-1984, the cost was estimated
to be $15.45 per MT($17.30 per ton) spread, or almost double the cost
in FY 1974-1975. This increased cost was due primarily to increased
transportation costs.

Figure 4. Hectareage planted to major field crops in Arkansas versus
consumption of acid-forming nitrogen fertilizer since fiscal year
1969-1970.

I
I
I

Most nitrogen fertilizers used in Arkansas for agricultural crop production can contribute to the acidification of soils (Andrews, 1954;
Frizzell and Maples, 1984) and are termed acid-forming nitrogen fertilizers. Costs of these nitrogen fertilizers have more than doubled since
1975 in Arkansas. Unlike lime consumption, acid-forming nitrogen fertilizer consumption has significantly increased since FY1974-1975.
Nitrogen fertilizer consumption trends, prior to 1969, roughly paralleled
trends in lime consumption (Chapman, unpublished).
Trends in the consumption of acid-forming nitrogen fertilizers and
lime since 1969 (Figure 3) do not exhibit the parallel relationship observed
before 1969. Instead, lime use has steadily declined, while acid-forming
nitrogen fertilizer use has increased.
The amount of lime needed to neutralize the residual acidity from
acid-forming nitrogen fertilizer usage in FY1974- 1975 was almost
291,846 MT (327,000 tons) (Table 1). More than 446,450 MT (500,000
tons) of lime were applied in FY1974-1975. This was approximately
156,258 MT (175,000 tons) more than was needed just to counteract
the acidity from nitrogen fertilizer. In FY1983- 1984, approximately
392,862 MT(440,000 tons) of acid-forming nitrogen fertilizers were sold
(Table 2). The lime needed to neutralize the residual acidity from the
fertilizer was approximately 570,462 MT (639,000 tons). However, only
235 ,408 MT(263 ,644 tons) oflime were used during FY1983- 1984. Only
41 percent of the lime needed, just to neutralize the acidity caused by
nitrogen fertilizers, was actually used.
Ifthe application of acid-forming nitrogen fertilizers continues to
increase, or levels off, whilelime use continues to decline, soils in Arkansas may become so acidic that yields ofacid-sensitive crops (soybeans,
wheat, corn, grain sorghum) may drastically decline.
With the exception of the FY1982-1983, the trend in the number of
hectares planted to some of our major crops (corn, cotton, rice,
sorghum, soybeans, oats, wheat) was similar to the trend inacid-forming
fertilizer consumption (Figure 4). The impact of hectareage
nitrogen
r
reduction programs on total hectareage in these crops was evidenced
in FY1982-1983.
Soybeans are planted to more hectares in Arkansas than any of the
other crops. Because soybeans are capable of acquiring most of their
nitrogen needs via the symbiotic nitrogen fixationprocess, an opposite
trend between acid-forming nitrogen fertilizer use and soybean hectareage may be expected. Such opposing trends were observed between
FY1969-1970 and FY1983-1984.
Trends in acid-forming nitrogen fertilizer use were most closely
mimicked by trends in the combined hectareage of wheat and rice. With
the exception of soybeans, other crops planted to large hectareages (e.g.
wheat, rice, sorghum) willcontinue to use large quantities of nitrogen
fertilizer. At least 90 percent of the nitrogen fertilizers used will pro-
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Table 1. Lime Needed

to Counteract

Acidity from Acid-Forming

Nitrogen Fertilizers in Arkansas (Fiscal Year 1974-1975).
Nitrogen

Material

Nitrogen
Ammonium

Ammonia
Solutions

Urea

7,401

106,037
23,18£

TOTAL
B.

Andrews

0.60

8

5,839

Sulfate

•Method of W.

Metric Tons Lime Needed
Per MT Material*

74,989

Ammonium Nitrate
Anhydrous

Metric Tons
Sold

(1954)

Total Lime
Needs (MT)

44,993

13

1.32

.

136
36,17

1 4f.

Table 2. Lime Needed to Counteract Acidity from Acid-Forming
Nitrogen Fertilizers in Arkansas (Fiscal Year 1983-1984).
Nitrogen Material

Metric Tons
Sold

Ammonium Nitrate

62,318

Anhydrous

Ammonia

Nitrogen

Solutions

7,215

70

4,031

8,525

Ammonium Sulfate
Urea

248,742

1,846

TOTAL

392,862

1.7

•Method of W. B. Andrews

Metric Tons Lime Needed
Per MT Material*

Total Lime
Needs (MT)

0.60

37,391

2.93

21,139

1.32

93,134

1.46

5,886

1

412,912
70,46

(1954)
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WATERSHED LAND USES AND
PHOSPHORUS EXPORT COEFFICIENT
RELATIONSHIPS: A PLANNING TOOL
FOR LAKE RESOURCES MANAGEMENT
CARL R. STAPLETON
Department of Biology
University of Arkansas at Little Rock
Little Rock, AR 72204
ABSTRACT
Relationships between nonpoint source pollutant loadings and water quality degradation in lakes have
been established. However, practical methodologies necessary to identify and manage nonpoint sources
in accordance with lake water quality indices have been lacking. Objectives of the current study were
as follows: (1) to compare predicted model values for in-lake total phosphorus (TP) concentrations with
actual values; and (2) to determine the applicability ofareal phosphorus loading models for lake resources
management. The research site was located 1 9 km west of the City of Little Rock in the Lake Maumelle
basin. Areal total phosphorus (TP) loadings in g m~ 2 yr~ were calculated for existing and projected watershed land uses for the period of 1 985 to 2005. Model predictions for in-lake TP concentrations yielded
"
for the years 1985 and 2005, respectively. An average summer.0204 mg 1
and .0223 mg "1
time TP value of .0280 mg 1
was measured in Lake Maumelle. The predicted TP value was not
significantly different from the measured TP value. This model offers a practical planning approach for
managing lake resources when phosphorus limited conditions are present.

'

"'

'

'

INTRODUCTION
The role of nonpoint source pollutants in relationship to surface water

degradation has been clearly established (Overcash and Davidson, 1984;
and Jackson, 1983-84; Swank, 1984; USEPA, 1984). Research
icerning impacts of nonpoint source pollutants on lake resources can
categorized: (1) research focusing on trophic status measurement
Irelated lake indices; (2) in-lake water quality modeling techniques;

Ilken

areal phosphorus loading methodologies for predicting water quality
ids.
Carlson's (1977) trophic state index provided a methodology for comparing lake water quality using three parameters: secchi disc reading,
phosphorus and chlorophyll a concentration. This approach was
ployed in several related lake research studies (Junes and Bachman,
6; Oglesby and Schoffner, 1978; Aika, et al., 1980; Smith and
ipiro, 1981; Smith, 1983). The modeling of in-lake water quality
ameters presents an additional category of lake resources research,
igin and Kim (1981) developed phosphorus retention models for Tensee Valley Authority reservoirs. These models were not designed to
rate interactively with watershed input models. A final category of
iresource research includes areal phosphorus loading models which
ibine in-lake water quality with watershed factors (Logan, 1980; Hill,
1; Davis and Swartz, 1983; Lehman and Edmondson, 1983; Reckhow

1 take

Chapra, 1983).
resource managers face a difficult task in selecting an appropriate
ining strategy. A need exists for a practical methodology to idenand manage nonpoint sources in accordance withlake water qualidices. This paper reports a study designed: (1) to compare predicted

lei values for in-lake total phosphorus concentrations with actual
es; and (2) to determine the applicability ofareal phosphorus loading
lels (Reckhow and Chapra, 1983) for lake resources management.

STUDY SITE DESCRIPTION
research site is located 19 km west of the City of Little Rock
Lake Maumelle basin (Figure 1). Primary inflow to Lake
melle is provided by the Big Maumelle River. A total watershed
of 31,900 ha drains into the lake. Forestland represented 85.5 perof total land use within the watershed. Silvicultural activities are

Pie

le

Figure 1. Location map for the Lake Maumelle basin, Pulaski County, Arkansas.

commonplace with 43 percent of forested areas owned by private timber
companies. An additional 21 percent of forestland, located in the western
end of the watershed is owned by the U.S. Forest Service. Private land
ownership and land owned by the City of LittleRock represents 19 percent and seven percent of the total watershed area, respectively.

Agricultural land use represents 2.9 percent which consists of cultivated,
non-cultivated and livestock production categories. Residential and
related urban land uses account for 1.4 percent of the Lake Maumelle
watershed. Demographic data indicates an estimated increase of 756
residents in the watershed between the years of 1985 to 2005. Based
on these population estimates, land use changes were projected for the
Lake Maumelle watershed (Table 1).
Four major sub-watersheds (SW) and associated tributaries were
delineated for the Lake Maumelle basin (Figure 2). The Lower Maumelle
(SW3) contained approximately 22,705 ha with 95 percent of this land
area forested. Severe to moderate development limitations were identified in SW3 due to soils and slope conditions. These development
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Figure 2. Lake Maumelle watershed with delineation of major sub-watersheds
limitations were apparent throughout the total watershed. The remaining
sub-watersheds included the upper Maumelle (SW1), Brown Creek
(SW2), and Reece Creek (SW4) with 9.9 percent, 13 percent and six
percent of the total Lake Maumelle watershed, respectively. Reece Creek
(SW4) contains the highest degree of urban development with 1.6 percent of its area devoted to this land use.
Lake Maumelle
Lake Maumelle (Figure 3) exhibits characteristics associated with a
warm monomictic lake (Wetzel, 1983). Stratification occurred in the
summer with a fall turnover and free circulation during the winter. Water
depths in Lake Maumelle varied from 2.5 m in the western end to 13.7
m near the center of the lake. The maximum length of Lake Maumelle
is 19 km with114 km of shoreline. The ratio of the lake watershed area
to lake surface area is 9:1. Hydrologic budget calculations revealed an
average annual runoff inflow of 124,300 ac-ft (174.8 cfs) with an annual water loss of 33,304 ac-ft attributed to evaporation and water supply
demands (Forest and Cotton, 1972). Based on these calculations, an
annual flushing rate between 25.2 cfs and 104.2 cfs was determined.
Selection of the appropriate rate was dependent on seasonal occurrences
of spillway overflows. Table 2 contains a summary of morphometric
and hydrologic characteristics for Lake Maumelle.
The area of Lake Maumelle west of the Highway 10 bridge (Figure
3) is relatively shallow (2.5 m) and exhibits high turbidity. An average
secchi disc value of .96 m was recorded at this location during a
12-month observation period. During storms the Highway 10 bridge
outlet tended to function as a weir. Inflow velocities from the Big
Maumelle River were reduced with significant deposition of sediments
occurring. Water quality in the remainder of Lake Maumelle has
benefited from these hydraulic characteristics. However, this area was
highly nutrient enriched with emergent vegetation evident near its
shoreline.
Due to pre-reservoir characteristics of the Big Maumelle River channel, greater average depths were observed in the south-central areas of
Lake Maumelle. The north shore areas tended to have more shallows
with the exception of isolated coves.
METHODS
Data collection and analytical methods were divided into two sections: (1) sampling and analyses related to Lake Maumelle; and (2)
development of areal phosphorus loadings and prediction of in-lake
total phosphorus values.

and tributaries.

.

Table 1 Existing and projected land uses in hectares for the period of
1985 to 2005, Lake Maumelle Basin, Pulaski County, Arkansas.
CATEGORIES

1985

Agriculture

Forest
Urban
Water

1,015,8
30,323,1
510,5

TOTALS

3.C58.3
35,507,7

1990
i,076,5
30,208,5
564, 'I
3.658,3

35,507.7

1995
1,137.3
3O,OS5,O

2000
1,198.0

627,1

29,993.5
657,9

3.6.58.3
35,507,7

3.E58.3
35,507,7

2005
1,258.7
29,815.'!

775.3
JJjSfLl

35,507.7

Sampling Site Selection
Six sampling sites were located on Lake Maumelle to assess current
water quality conditions (Figure 3). Sampling site one was selected due
to the isolated nature of this area from the main body of Lake Maumelle.
Sampling site three provided an assessment of conditions for a typical
cove. The remaining sampling sites were purposively located to assess
conditions in the main body of the lake. Sampling sites two, five and
six were located near the old Big Maumelle River channel.
Vertical discrete sampling was conducted at each sampling site from
March, 1982, through February, 1983. Biweekly samples were collected
during the summer (June-August) with monthly sampling for the remainder of the year. In-situ determination of dissolved oxygen, conductivity, and temperature was accomplished with a Hydrolab 1 unit.
Discrete sampling was performed in accordance with the U.S. EPA lake
sampling protocol. Sampling instrumentation included a Kemmerer bottle for discrete chemical and physical sample collection and a secchi
disc for transparency measurement. Analyses of the Lake Maumelle
samples were conducted at the University of Arkansas at Little Rock,
Department of Biology. A quality assurance project plan approved by
the U.S. EPA established the guidelines for analytical methods.
Trophic status determination for Lake Maumelle was accomplished
in accordance with Carlson (1977). Input parameters included biweekly summer (June-August) sampling results for secchi disc readings,
chlorophyll a concentration and total phosphorus. Total phosphorus
input values represented an average of vertical discrete 2 sample analyses
for each sampling site and a total lake average representing all six sampling sites. Secchi disc and chlorophyll a values were determined by averag'Manufactured by the Hydrolab Corp., Austin, Texas.
Total phosphorus samples collected at .5 m beneath the surface, each
additional 1.5 m in depth and .5 m above the lake bottom.
2
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Figure 3. Map of Lake Maumelle, Arkansas, with sampling site locations.
ing results for the six sampling sites. Chlorophyll a samples were collected in the epilimnion .5 m beneath the surface. Analytical results
for chlorophyll a were corrected for the presence of phaeophytin a.
Carlson's (1977) methodology required the calculation of indices for
total phosphorus (TP), secchi disc depth (SD) and chlorophyll a
(CHLA). Equations required for calculation of the trophic state index
(TSI) are listed below:
Secchi Disc TSI (TSISD) = 60-14.41 ln(SD)
Chlorophyll a TSI (TSIC) = 9.81 In (Chi a) + 30.6
Total Phosphorus TSI (TSITP) = 14.42 In (TP) +4.15
where:

SD = secchi disc transparency in meters
Chi a = chlorophyll a concentration in ug 1
TP = total phosphorus concentration in ug 1

'

'

Lake Phosphorus Loading and Response
Based on methods developed by Reckhow and Chapra (1983), a relationship was established between total phosphorus inputs and predicted
values for total phosphorus concentrations in Lake Maumelle. Watershed land uses provided the total phosphorus loading data which was
a function of selected phosphorus export coefficients. The following
steps (Reckhow and Chapra, 1983) were used to calculate phosphorus
loading and lake response parameters: (1) determination ofareal water
loadings (qs); (2) calculation of areal phosphorus loading (L);and (3)
determination of predicted lake phosphorus concentrations.
RESULTS AND DISCUSSION

value represents an average of vertical discrete analyses for each sampling
site and an overall average consisting ofall six sampling sites. The decision to use averages for vertical discrete total phosphorus was based
on data of Reckhow and Chapra (1983) which indicated a greater potential for error when using only samples collected from the epilimnion.
Secchi disc depth averaged 2.5m with chlorophyll a averaging 6.05 mg
1 '. Total phosphorus, secchi disc, and chlorophyll a values were
derived from biweekly summer (June-August) samples. Summer
measures were selected to coincide with the growing season and fulfill
model input data requirements of Carlson (1977) and Reckhow and
Chapra (1983).

Table 2. Summary of Morphometric and hydrologic characteristics
Lake Maumelle, Pulaski County, Arkansas.
MEASUREMENTS
PARAMETER
Surface area

3,603

Maximum

depth

13,72 m

Average

depth

7.53 m

Trophic Status Determination
An analysis of existing water quality in Lake Maumelle yielded an
average total phosphorus concentration of .028 mg 1 (Figure 4). This

'

Area

ha

27.07 x 107--m 3

Volume
Hydraulic residence

for

time

of watershed
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Table 4. Mass total phosphorus loadings (W) for the period of 1985
to 2005, Lake Maumelle basin, Pulaski County, Arkansas. High, most
likely and low mass loadings are shown.
LEVELS

"MSS PHOSPHORUS LOADING (H)

kg/yr

HIGH

1985
23,524.2

1990
21,158.5

1995
24,RBI. (1

2000
25,528.2

2005
26,611,1

HOST LIKFLY

10,696,5

10,905,6

11,144,6

11,347,4

11,725,5

1,E8°,6

1,740.9

1,800.5

1,851,1

1,949.5

LOW
*ll=

(Ec
(EC

F
A

LEVELS

AREAL PHOSPHORUS LOADINGS
1985

Using the values presented above, trophic state indices (Carlson, 1977)
were calculated for Lake Maumelle. Index values of 46.8, 48.3 and 52.2
were obtained for secchi disc, chlorophyll a, and total phosphorus,
respectively. An average trophic state index value of 49.1 indicated

mesotrophic conditions in Lake Maumelle. Comparative index values
presented by Carlson (1977) were 45.0 (mesotrophic) and 53.0
(eutrophic). However, the total phosphorus index value (52.2) was very
close to a eutrophic level. For a 12-month observation period, the ratio
of total nitrogen (TN) to total phosphorus (TP) was 19:1. This ratio
indicates that Lake Maumelle was phosphorus limited. Based on this
value, it is apparent that phosphorus loading is critical for maintaining water quality in Lake Maumelle.

Phosphorus Loading and Lake Response
Calculation of areal phosphorus loadings required application of
phosphorus export coefficients to land uses in the Lake Maumelle watershed. High, most likely and low phosphorus export coefficients (Table
3) were selected from values presented in Reckhow and Chapra (1983).

These coefficients were used to calculate mass phosphorus loadings for
Table 3. High, most likely and low phosphorus export coefficients for
land use categories, precipitation and septic tank inputs.
SOURCE

'UNITS

HIGH

HIP

LOW

,95

0.225

Agriculture

kg/ (ha-yr)

Forest

kg/ (ha-yr)

Precipitation

kg/ (ha-yr)

3,0
0,'i5
0,60

0,35

0.10
0.02
0.15

Urban

kg/ (ha-yr)

5.0

2.0

0,50

kg/ (capita-yr)

1,8

0,675

0.30

Septic

Tank Inputs

'kilograms of total
of total

t

SOURCE:

phosphorus

phosphorus

per

per hectare per year and

capita-yr

as

to

septic

and Chapra, "Engineering Approaches
Management", 1983, p. 278.

Reckhow
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applied

kilograms

tank

for

inputs.

Lake

2000
,709

2005
.740

.302

,310

.315

.326

.043

.050

.051

.054

.653

1990
,670

MOST LIKELY

.297

LOW

,047

*L=V/AS

I

I
I

s =Area

(A

of

Lake maumelle

I

(L) g/m2-yr

.691

HIGH

SUMMER MONTHS

I

x Area f ) ? (Ec AG x Area ag ) ? Ecu + Area,,) +
+ (EC
¥ OF CAPITA YEARS X (1-S.P.)) + PSI
X As )
ST X

Table 5. High, most likely and low areal phosphorus loadings (L) for
the period of 1985 to 2005, Lake Maumelle basin, Pulaski County,
Arkansas.

Figure 4. Average total phosphorus concentrations for all sampling sites
combined, June-August, 1983, Lake Maumelle, Arkansas.

I
I

1995

in H )

Table 6. Predicted in-lake total phosphorus (P) concentrations for the

period of 1985 to 2005, Lake Maumelle, Pulaski County, Arkansas.
High, most likelyand low total phosphorus concentrations are indicated.
'LAKE PHOSPHORUS CONCENTRATION

LEVELS

(P) mg/l

HIGH

1935
.0446

1990
.0457

1995
.0472

2000
.0484

,0510

HOST LIKELY

,0204

,0206

,0213

,0215

.0223

LOW

,0032

,0033

,0034

.0035

.0037

*P=L/11,6 + 1,2

qs (os=Areal

Water

2005

Loading m/yr)

the Lake Maumelle basin (Table 4). Based on these loadings, a
phosphorus budget was developed for Lake Maumelle. Total phosphorus
inputs for 1985 of 10,696.5 kg yr~' were compared to phosphorus
outflows which consisted of 1,364.1 kg yr"1 and 1,272.3 kg yr~' attributed to water supply demand (41.7 cfs) and spillway overflows (4.3
cfs), respectively. An additional total phosphorus sink was likely to be
lake bottom sediments, especially in the area west of the Highway 10
bridge (Logan, 1980). This analysis assumed a most likely mass total
phosphorus loading.
Areal phosphorus loadings (Table 5) were used as inputs for the
phosphorus model (P =L/l1.6 + 1.2 qs) ofReckhow and Chapra (1983)
to predict existing and projected in-lake phosphorus concentrations for
Lake Maumelle (Table 6). An actual summer period total phosphorus
concentration of .0280 mg 1 was measured in Lake Maumelle. When
compared to the predicted value of .0204 mg 1 ~\ a difference of .0076
mg I 1 existed. This difference was not statistically significant P <
.05 (Table 7).3 Modifications of the above analyses by using the high
phosphorus export coefficient for forestland while leaving the remaining coefficients at the most likely level, resulted in a predicted in-lake
total phosphorus concentration of .033 mg I 1 This modification was
reasonable based on the area devoted to forestland and silvicultural ac-

'

.

3A t-test was used for all analyses comparing differences between actual and predicted average total phosphorus concentrations.
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Table 7. Comparison of actual and predicted summer average total
phosphorus (P) concentrations using most likely and high phosphorus
export coefficients for forestland areas, Lake Maumelle, Pulaski County,
Arkansas.
Export

Coefficients

Forestland

Actual

Total Phosphorus

(P) mg

DAVIS, J., and R. G. SWARTZ. 1983. An evaluation of 15 lakes in
King Country with projections of future quality. Pp 293-298, In
proceedings of the second annual conference of the North American
Lake Management Society, U.S. EPA, Washington, D.C., 327 pp.

l>
Predicted

FORREST AND COTTON, INC. 1972. Report on row water resource
investigation: Lake Maumelle hydrology. Forrest and Cotton,
Inc., Dallas, Texas, 17 pp.
HIGGINS, J. M., and B. R. KIM.1981. Phosphorus retention model
Tennessee Valley Authority reservoirs, Water Resources Res.
17:571-576.

Host Likely*

.0280 ± .0062

.0204 ± .0100

High*

,0280 ± .0062

.0330 + .0135

HILL, A. 1981. Stream phosphorus exports from watersheds contrasting land uses in Southern Ontario, Water Res. Bull. 17:627.
'Differences are

not

statistically significant

=
P5 .05, DF 5

JUNES, J. R., and R. W. BACHMANN. 1976. Prediction of phosphorus and chlorophyll levels in lakes, J. Water Poll. Control, fed.
48(9):2176-2182.

tivities in the Lake Maumelle basin (Swank, 1984). The difference be
tween the predicted total phosphorus concentration (.033 mg 1 ') and
the actual value (.028 mg 1 ') for the second analysis was not
statistically significant P < .05 (Table 7).
The phosphorus model applied to Lake Maumelle was originally
eloped from data representative of lakes in the north temperate
latic zone (Reckhow and Chapra, 1983). Validation of this empirical
del for Lake Maumelle supports its potential application to lakes
he south-central climatic zone. Model predictions also compared
very favorably with the trophic state index results. Since this model
depends on areal phosphorus loadings, it emphasizes the role of watershed management for protecting lake resources. Water quality planners
can utilize this model (Davis and Swartz, 1983) to develop cost-effective
strategies for reduction of lake phosphorus inputs. Prioritization of
watershed problem areas based on phosphorus contributions can be
accomplished (Hill,1981; Lemon and Edmondson, 1983). Best
lagement Practices (BMPs) and related costs can be identified for
priority areas. Based on the BMP phosphorus reduction capabilities,
iges in areal phosphorus loadings and in-lake phosphorus concentrations can be calculated.
In summary, the areal phosphorus loading model based on Reckhow
and Chapra (1983) provided statistically significant predictions of total
phosphorus concentrations in Lake Maumelle. Furthermore, the model
proved to be applicable to lake watershed planning strategies.

I
Ily
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ABSTRACT
Soil characteristics of the mineral surface soil (0-6 cm) on three small watersheds in the Ouachita Mountains of Arkansas from which the pine forests have been clearcut, crushed, and burned for site preparation were studied for the first two years following clearcutting and compared to soils from adjacent uncut
pine forest watersheds. Following clearcutting and burning, soil pH was generally higher than in uncut
forest soils. The greatest pH differences occurred within several months of burning and generally decreased
through the end of the second year. Soil organic matter content was lower immediately following clearcutting and burning and increased to levels greater than those of the uncut forest soils. Little or no differences in organic matter content were found by the end of the second year. Available soil P levels
were significantly higher soon after clearcutting and burning. Available P levels decreased until there were
little or no differences between the clearcut and uncut forest soils by the end of the second year. Soil
inorganic nitrogen (NH4 and NO3) levels were variable but usually were greater on the clearcut sites than
on the uncut sites.

INTRODUCTION

Clearcutting of pine forests followed by site preparation for pine
plantation establishment has increased in recent years in the Ouachita
Mountains of Arkansas. Vegetation development following clearcutting and site preparation is related to wildlife habitat, hydrologic
conditions, aesthetics, nutrient cycles, and plant competition. Chemical
changes in soils following clearcutting and site preparation might influence vegetation development and thus influence the nature of the
conditions noted above. Therefore the purpose of this study was to
investigate changes in soil characteristics occurring following clearcutting and site preparation in the Ouachita Mountains.

MATERIALS AND METHODS

Changes in soil chemical characteristics for the first two years following clearcutting and burning compared touncut forest soils were studied
on three clearcut experimental watersheds and adjacent uncut forest
areas located on Weyerhaeuser Company and Ouachita National Forest
lands in the Ouachita Mountains of central Arkansas. One watershed
was located on Cedar Mountain, hereafter referred to as the Cedar
Mountain Site (CM). This site is located in Perry Co. in section 24 of
T3N, R19W. This watershed has a northern aspect. Two other watersheds were located in the Alum Creek Experimental Forest of the USDA
Forest Service. One of these watersheds has a northern aspect and is
hereafter referred to as Alum Creek North (ACN) while the other has
a southern aspect and is referred to as Alum Creek South (ACS). These
watersheds are located in Saline Co. in sections 23 and 26 of T2N, R19W.
The slopes in the experimental forest are steep, frequently exceeding
20%. Soils were mainly in the typic hapludults soil order with surface
textures mainly stony silt loams.
The clearcut areas previously contained about 25 mVha of pine basal
area and 7 mVha of hardwoods. Ages of the merchantable pine and
hardwood varied from 65 to 75 years old. Allmerchantable pine and
hardwood were removed in summer of 1980. The clearcut areas were
chopped with a drum chopper and prescribed burned in fall of 1980.
The sites were planted with shortleaf pine (Pinus echinata L.) and loblolly
pine (Pinus taeda L.) after site preparation in spring of 1981.
Mineral soil was sampled to a depth of 6.0 cm in each clearcut and
uncut control forest site. The uncut forest sites were similar to the clear-

Table 1.Organic matter content of the mineral soil (0-6 cm) from areas
clearcut and burned in summer and fall 1980 and from uncut forests,
Ouachita Mountains, Central Arkansas.
Sampl ing Dates

Sites

"Hay-81

Mar-81

Mar-82

May-82

Aug-82

3.8 a
3.2 b

2.9 c
2.9 c

2.7 c
2.8 c

fc Matter

Cedar Mountain
Clearcut
Control

2.4
3.3

Alum Creek South
Cearcut
Control

2.9 e
3.3 c

3.1 c-e 3.7 b
3.3 cd 3.2 cd

4.0 a
3.3 c

3.3 c
3.1 c-e

3.0 de
2.6 f

Alum Creek North
Clearcut
Control

2.7 e
3.2 cd

2.2 f
3.0 c-e

3.8 a
3.4 be

3.4 be
3.0 de

2.7 e
2.7 e

dJV

2.1 e
3.0 c

b

3.6 a
2.7 c

3.7 ab
3.0 c-e

\J Means followed

by a common letter at a specified location are not
significantly different using Duncan's multiple range test (p=0.05).

slope gradient and aspect, soil, and
vegetation. Ten soil samples were collected at random from each site.
Ateach sampling date, samples were taken approximately 20 cm away
from the previous sampling site. The six sampling dates were March,
May, and August of 1981 and 1982.
Soil samples were passed through a 2 mm sieve prior to chemical
analysis. Soil pH values were obtained in a 1:2 soil:water mixture. Soil
inorganic nitrogen (ammonium and nitrate) analyses were determined
by microKjeldahl steam-distillation methods following extraction with
2 mol L KC1. Ammonium N was distilled with MgO followed by
titration with 0.005 mol L HC1. Nitrate N was determined following the addition of Devarda's alloy (Bremner, 1965). Available soil
phosphorus was extracted with the Bray #1 solution (Bray and Kurtz,
1945) and determined colorimetrically by the standard ammonium
molybdate and ascorbic acid blue method (John, 1970). Organic matter content of the soil was determined colorimetrically by the WalkleyBlack method (Allison, 1965).
cut sites on the basis of adjacency,

'

'
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Table 2. Ammonium-N concentrations of the mineral soil (0-6 cm) from
areas clearcut and burned in summer and fall 1980 and from uncut
forests,

Ouachita Mountains, Central Arkansas.

Sampling Dates
Sites

Cedar Mountain
Clearcut
Control
Alum Creek South
Clearcut

Control
Alum Creek North
Clearcut
Control

Aug-31
Aug-82
Mar-81 May-81
Mar-82 May-82
Ammonium-N Concentrations (ugN/g Dry Soil)

18.5 abl/ 14.3 c-e 16.9 be 20.2 a
14.6 c-e

12.8

e

13.4

de

11.9 e
16.0 b-d 12.5 e

7.8 f
8.9 f

15.7 be
11.7 de

13.1 d
10.8 e

13.5
12.3

b
e

20.6 a
13.2 cd

11.8 e
13.0 d

6.8 f
9.1 ef

13.3 a-c
13.6 a-c

10.4 c
11.3 be

14.1 b
10.5 c

16.4 a
11.9 be

13.5 a-e 5.2 d
10.6 c 6.2 d

\.l Means

followed by a common letter at a specified location are not
significantly different using Duncan's multiple range test (p=0.05).

Table 3. Nitrate-N concentrations of the mineral soil (0-6 cm) from areas
clearcut and burned in summer and fall 1980 and from uncut forests,
Ouachita Mountains, Central Arkansas.
Sampl ing Dates

Sites

Cedar Mountain
Clearcut
Control

Alum Creek South
Clearcut

Control
Alum Creek North
Clearcut

Control

\J

Aug-81
Aug-82
Mar-81 May-81
Mar-82 May-82
Nitrate-N Concentrations (ugN/g Dry Soil)

4.6
4.4

ci/
c

10.3 a
4.6 c

8.2 ab
5.0 c

4.2 c
3.9 c

5.0 c
5.0 c

10.4 a
6.0 be

6.2 be
3.5 d

9.5 a
4.3 cd

6.9 b
4.1 cd

4.2 cd
3.7 d

5.2 b-d 11.1 a
3.6 d
4.1 cd

4.0 c
3.4 c

7.0 b
3.7 c

4.8 c
4.0 c

3.6 c
2.9 c

4.2 c
3.0 c

9.1 a
3.3 c

Means followed by a common letter at a specified location are not
significantly different using Duncan's multiple range test (p=0.05).

The experiment was statistically analyzed as a completely randomized design by analysis of variance and means were separated using
Duncan's multiple range test.
RESULTS AND DISCUSSION
Soil pH
Following clearcutting and burning, pH of the surface mineral soil
was generally higher at all clearcut sites than in the uncut forests (Figure
1). The greatest differences between the clearcut and uncut forests, ranging from 1.0 to 1.4 units, occurred within several months following
burning and then generally diminished by the end of the second year.
This observed increase in pH was most likely due to accretion ofbasic
ash materials (Grier and Cole, 1971; Stark, 1979). Increases of this
magnitude could be expected to have an affect on soil microbial populations (Ahlgren and Ahlgren, 1965) and could influence seed germination and early seedling growth and competition, thus influencing the
course of plant succession. Since the pH changes were short-lived, their
impact would generally be expected during the first year or so.
Soil Organic Matter
Soil organic matter content was less immediatley following clearcutting and burning than in the uncut forests (Table 1). However, by August
1981, the organic matter content of the soil from the clearcut areas was
significantly higher than that from the uncut forest, and remained so

.

Figure 1 Soil pH of the mineral soil (0 6 cm) from areas clearcut and
burned (CC) in summer and fall 1980 and from uncut control forests
(CF), Ouachita Mountains, Central Arkansas. Values with a common
letter at a specified date are not significantly different (p =0.05).
through May 1982, but then decreased to only slightly higher or not
different by the end of the second year.
The lower organic matter content in the clearcut sites after burning
may have been due to the lack of new root growth and increased decomposition since the forest cover was removed and the soil disturbed
resulting in higher temperatures and increased oxidation on the site.
Also increased soil pH after fire may have stimulated microbial activity and increased decomposition (Ahlgren and Ahlgren, 1965; Wells,
1971). Fire also may have destroyed some of the unincorporated organic
residues and, where severe, fire may have destroyed topsoil organic matter (Raison, 1979). Revegetation during the first two years after clearcutting would cause a proliferation of new roots and top litter and would
moderate the increases in temperature on the site, perhaps leading to
the increases in organic matter noted by the end of the first year. In
the uncut forest, the organic matter content was more stable and showed
less variation.
Available Soil Phosphorus
The available P concentrations in forest soils from the clearcut sites
were significantly higher after clearcutting and burning than those from
the uncut forests at all sites and all dates except at the end of the
second year when there were no significant differences (Figure 2).
Gosz et al. (1973), indicated a steady increase in soluble P during
ordinary decomposition ofleaves. Increased microbial activity (Ahlgren
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Figure 2. Available P concentrations of the mineral soil (0-6 cm) from
areas clearcut and burned (CC) in summer and fall 1980 and from
uncut forests (CF), Ouachita Mountains, Central Arkansas. Values with
a common letter at a specified date are not significantly different
(p-0.05).

and Ahlgren, 1965) and stimulation of biological processes by burning
(Wells, 1971) with its resultant higher pH as well as higher temperatures
in the disturbed sites compared to the uncut forest may have led to
increased decomposition and release ofsoluble P. Furthermore, the ash
from burned sites can release phosphate slowly for a long time (Stark,
1977 and 1979).
Higher concentrations of P were observed immediately after clearcutting and burning, but differences decreased as time went on, possibly
due to P uptake by plants as the area was revegetated or because of
increased fixation of that P released with time, or both. In addition,
some of the mineralized P in clearcut sites may have been absorbed
by the abundant residual surface charcoal on the site (Smith, 1970).
Soil Inorganic Nitrogen
In general, the concentrations of soil ammonium were higher after
clearcutting and burning in early spring and late summer of the first
year and spring of the second year but were not significantly different
at the other sampling dates (Table 2). The ammonium concentrations
reached their highest levels in March of the second year in the clearcut
sites. Ammonium concentrations were higher than nitrate concentration inall samples except for a few at the end of the second year (Tables
2 and 3). Soilammonium concentrations were higher immediately after

clearcutting and burning at CM and ACS and slightly lower at ACN
site. The ACNsite was probably slower to warm up in the spring because
ofits north facing slopes and was also lower in pH than the CM site.
The increased ammonium in the clearcut sites could be due to increased mineralization of nitrogen following clearcutting and burning
due to the abundant reservoir of oranic N available for mineralization
(Christensen, 1973; DeBell and Ralston, 1970). Viro (1974) found that
burning increased ammonium concentrations in mineral soil surface
layers. The release ofammonium could also have been from direct heat
oxidation of organic materials (Raison, 1979), increased microbial activityfollowing fire which may have been stimulated by the higher pH
and temperature of the clearcut sites (Ahlgren and Ahlgren, 1965; Wells
et al., 1979), or increased frequency and intensity of wetting and drying cycles (Campbell et al., 1971). In general, all these processes increase N mineralization and ammonium production in excess of the requirements of new vegetation.
We observed a slight decline in ammonium in May 1981. This may
have been due to increased nitrification which was indicated by the higher
nitrate concentrations observed on that sampling date. Ammonium
could also have been taken up by regrowing vegetation which rapidly
invaded these sites, undergone fixation (Brady, 1974), or been immobilized by decomposers due to a high C:N ratio.
Nitrate concentration was greater in the ACS clearcut site by Marc
of the first year but not higher until May at the CM and ACN site
(Table 3). Nitrate concentrations remained higher in the clearcut soil
than in the uncut forests through August 1981 at CM and ACS bu
not at ACN. There were no significant differences in soil nitrate con
centrations in the spring and early summer of the second year, but i
late summer of the second year the soil from the clearcut areas ha
much higher nitrate concentrations than those from the uncut forests
The high nitrate concentrations were most likely due to increased soil
nitrification which would be favored by increases in moisture and
temperature, soil pH, and a lower N uptake by plants until new vegetation occupied the sites. Several workers (Christensen, 1973; Adams and
Attiwill, 1982), observed that burning may initiate or increase soil
nitrates, mainly due to the nitrification of ammonium and not the result
ofdirect addition in the ash. Christensen (1973) found that the nitrate
content ofash was relatively low, and Stark (1979) indicated that most
of the nitrates were retained in the ash after burning.
Higher nitrate concentrations were observed during the summer
months of 1981 and 1982. The warmer temperatures of the clearcut
sites probably favored an increase in nitrate production. Also, differences in uptake of nitrate by growing vegetation on the clearcut sites
and uncut forests may have been involved in the differences observed.
The increase in soil pH that occurred after clearcutting and burning
would also have favored an increase in the growth of microbes (Ahlgren
and Ahlgren, 1965) and autotrophic nitrifying bacteria (Matson and
Vitousek, 1981), which would increase soil nitrification.
A reduction in N uptake by plants (briefly) following clearcutting
may increase nitrate concentrations and loss to the ecosystem (Gorham
et al., 1979). Once ammonium is converted to nitrate, it can more
easily be leached through soils and lost. Nitrate may be immobilized
by microflora or taken up by regrowing vegetation. Foster et al. (1980)
indicated that annual herb communities can take up substantial quan
tities ofN withindisturbed ecosystems. However, we found the nitrate
concentration during summer of 1982 higher than in 1981 in the clear
cut sites. Since there was more vegetation present the second year, the
higher nitrate was evidently due to increased mineralization since more
uptake should have occurred than during the first year. Further study
is needed to determine how long these elevated nitrate levels would occur
CONCLUSIONS

Significant changes occurred in soil chemical characteristics

ception ofsoil ammonium and nitrate, the effects appeared to be shortlived approaching values of the uncut forest soils by the end of the
second year. Further study is required to determine how long the observed differences in the ammonium and nitrate levels willpersist. The
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soil pH, available P, and soil ammonium and nitrate concentrations
were significantly higher at some times during the first two years following clearcutting and burning and could influence early vegetation
establishment and succession as wellas nutrient cycling. Further studies
and experimentation willbe required to elucidate the effects any of these
observed changes might have on vegetation development and nutrient
cycles.
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GENERAL NOTES
FLOW REDUCTION MAYEXPLAIN SPORADIC OCCURRENCE OF
CRASPEDACUSTA SOWERBYI (TRACHYLINA) MEDUSAE.
The unpredictable appearance ofmedusae of the freshwater hydrozoan, Craspedacusta sowerbyi, has resulted in over 100 publications reporting its occurrence in the United States. Although the sessile polyp may be a common but inconspicuous (2-8 mm) inhabitant of stream communities
throughout the U.S. and Europe, the appearance of the larger (1-2 cm diameter) sexual medusae in late summer attracts considerable attention.
Specific environmental conditions that trigger transformation from the polyp to medusa stage are poorly understood despite several attempts to
define them. Factors previously associated with medusa formation are increases in alkalinity, hardness, CO 2, temperature and a decrease in pH
(Acker and Muscat, 1976; McCullough, Taylor, and Jones, 1981). Increased zooplankton production also has been related to medusae appearance
by Acker and Muscat (1976). They observed that most investigators report similar physiochemical conditions associated with the medusae, but
could not account for sporadic formation of this life stage. In a review, Pennak (1956) related that medusae generally appear in standing bodies
of water such as man-made impoundments. We suggest that reduction in flow or circulation of water over the polyps is the underlying state factor
that stimulates C. sowerbyi to form medusae.
Our investigation into the occurrence ofmedusae was initiated after a large group (over 1,240) was observed in a pool (960 m\ 1.1 m average
depth) of a headwater reach of the Illinois River, Washington County, Arkansas on August 2, 1982. Physical and chemical characteristics of the
pool conformed to those generally associated with medusae, although their occurrence in an intermittent headwater stream is previously unreported.
The average dissolved oxygen (D.O.) measured at the substrate level was 6.2 ppm, pH (6.3), temperature (29 °C), and conductivity 248 uMHOS
cm"'). The D.O. and pH approach the lowest values while temperature and conductivity approach the highest readings measured in a nearby pool
where 12 months of data were collected during the same year. Discharge through the pool was measured as 0.5 mVsec the first day and declined
to no surface flow within one week. The medusae persisted for two weeks after the first sighting while the conditions in the pool remained rather
stable. Medusae were observed in the same pool August 16, 1983 shortly after the pool became intermittent.
Some investigators (Lytle, 1960; Hutchinson, 1967) have recognized that medusae are typically associated with standing bodies of water and
the hydroid chiefly with running waters, but no causal relationship between medusae formation and flow reduction has been suggested. Our observations suggest that reduction ofcirculation of water over the polyps may be the ultimate cause ofmedusae formation in C. sowerbyi. The physiochemical
conditions which usually accompany production ofmedusae would normally result from significant flow reductions. The association of increased
alkalinity and hardness withmedusae formation would be expected in streams and reservoirs during low flow summer months, because evaporative
water loss increases the concentration ofdissolved solids. Increases of CO 2 and subsequent decreases in pH are common near the substrate in sluggish stream pools and stratified reservoirs in late summer due to the combined effect of increased temperature, lower dissolved oxygen, and more
rapid decay of accumulated organic material. It is during these periods of low stream flow and summer reservoir stratification that medusae are
produced. The physiochemical conditions may serve as proximate cues to the organism of the more adverse incipient conditions associated with
reduced flow and circulation.
The availability of planktonic food to the polyp decreases as flow diminishes because fewer prey are transported within reach of this sessile
stage. In contrast, the planktonic food supply in the water column above the substrate remains stable or increases in concentration and can be
efficiently utilized by medusae. Increased sedimentation in static waters probably is the most limiting aspect of reduced flow because the 2-8 mm
polyp could easily be covered with sediment rendering it non-functional. Such environmental conditions would favor the non-benthic planktivore
medusa. This agrees with Acker and Muscat's (1976) observation that no polyps have been reported from areas with heavy sedimentation. Degradation of physiochemical conditions may serve as proximate cues for C. sowerbyi of these more adverse incipient conditions (reduction of food supply
and sedimentation).
Other advantages accrued by transformation to medusae include the mobility to escape an unfavorable microhabitat, and genetic variability
via sexual reproduction to produce offspring which achieve greater mean fitness in their changing environment. However, populations of medusae
are usually reported to be unisexual, the eggs are probably not parthenogenic (Payne, 1924), and production of medusae may result in the destruction of the entire polyp (Acker and Muscat, 1976). Decreased frequency of medusae occurrence withincreased age of impoundments may indicate
depletion of these populations due to unsuccessful recolonization of the area by frequent production of unisexual medusae. Medusa formation
by this species should not be considered to be a useless life stage, as Acker and Muscat (1976) have suggested, prior to more extensive research
into their reproductive success. Only a few irtiles might be required to fertilize the eggs produced by the apparently unisexual female populations.
We hypothesize that medusa formation is a response to reduced flow that results in spatial and temporal escape from the harsh environmental
conditions that ensue.
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RANGE EXTENSION OF THE PORCUPINE (ERETHIZON DORSATUM)
INTO SOUTHWEST ARKANSAS
Both Dodge (1982) and Hall (1981) report that the range of the porcupine (Erethizon dorsatum) extends into central Texas and Oklahoma
and eastern Kansas but none have been reported in Arkansas.
Between 1 December and 15 December, 1984 a porcupine was accidentally killed 2 km north of the town of Ben Lomond in Sevier County,
Arkansas (R29W, T10S, Sec. 10). This female specimen weighed 7.6 kg (16.8 lb) and measured 94 cm in total length. This is the first documented
occurrence of a porcupine in Arkansas and may indicate a range expansion of the species.
The specimen was recovered by Arkansas Game and Fish Commission personnel and has been donated to the Museum of Natural History
at the University of Arkansas.
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NOTES ON THE DEATH OF AN INTRODUCED BLACK BEAR IN ARKANSAS
Between 1959 and 1967, the Arkansas Game and Fish Commission transplanted 254 black bear (Ursus americanus) from northern Minnesota
and Manitoba to western and northwestern Arkansas. Releases were made in the White Rock and Piney Creek Wildlife Management Areas (WMAs)
in the Ozark National Forest and in the Muddy Creek WMAin the Ouachita National Forest (Rogers 1973). Since that time the number ofblack
bears has increased dramatically (Pharris 1981). Arkansas' first modern-day bear hunt was held in 1980.
On September 20, 1984 a 150 kg (330 lb) female black bear was killed in Johnson County under a depredation permit. The bear had been
causing extensive damage to fruit trees and other property and attempts to live-trap the animal were unsuccessful. After the bear was killed it was
rioted that she was wearing an aluminum ear tag.
After reviewing a report prepared by Rogers (1968) it was determined from the ear tag number that this individual bear had been captured
near Ely, Minnesota and released on Piney Creek WMA on July 28, 1968. At the time of her release the animal weighed 65 kg (143 lbs) and was
classed as a mature animal. She was killed only about 21 km (13 mi) west of her original release site.
According to these data, this animal was a minimum of 17 years of age. Although Pelton (1982) states that bears in the wild may reach ages
of 15 to 20 years, the occurrence of this 17 year old female is noteworthy because it may be indicative of the capability of some Arkansas habitats
to support bears. Although Rogers (1973) reported movements of restocked bears in Arkansas of up to 418 km (260 mi), apparently this female
was able to survive for a long period of time within a relatively small area.
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ANALYSISOF SOLAR COLLECTOR SURFACE TO AIR FLOW THERMAL TRANSFER
USING SOLID STATE SENSORS AND MICROCOMPUTER INTERFACING
Previous studies investigated dual functioning collectors (Eichenberger, Energy Conv. &Mgt., 20:197-199, 1980) and efficiencies of thermal
conversion for certain solar collectors (Eichenberger, Arkansas Academy of Science Proc, XXXVII,82-83, 1983). The first study listed above

Published by Arkansas Academy of Science,
1985 Academy of Science Proceedings, Vol. XXXIX,1985
Arkansas

121

123

Journal of the Arkansas Academy of Science, Vol. 39 [1985], Art. 1
General Notes

was done in a northern climate and indicated the insulation property of a vertical collector installed in a single glazed window was about ten times
more cost effective in reducing heat loss than in solar energy collection. The second study listed above found that aluminum screen collector surfaces painted flat black had the highest conversion efficiencies and that a double glazed polycarbonate cover plate was the most effective.
The purpose of this study was to determine the efficiencies of different collector air flow patterns using integrated circuit solid state linear
temperature sensors interfaced to a microcomputer.
A Radio Shack Color IImicrocomputer with a thermal printer was connected to four National Semiconductor LM335Z temperature sensors
placed inside the solar collectors at selected positions to periodically measure the temperature. The data was then analyzed for hot spots on the
collector surface which would indicate low air flow rates at those positions.
The temperature sensors were interfaced to the microcomputer through the joystick ports. The Radio Shack Color IImicrocomputer has
built-in analog to digital converters; however, the investigator constructed amplification and calibration circuits to permit interfacing and data
collection, see Figure 1 for circuit schematics. A LM 324 quad operational amplifier was used with the four sensors. A modified circuit with different variable resistors and temperature sensors was used instead of that reported in the literature (Barden, TRS-80 Models I,III,and Color Computer Interfacing Projects, 255, 1983). The manufacturer reported a temperature range of -40 degrees Celsius to + 100 degrees Celsius for the
LM335Z solid state temperature sensors and a typical sensitivity of ± 1.0 degree Celsius to ± 2.0 degrees at extended temperatures. The investigator
found a sensitivity of ± 2.0 degrees Celsius, possibly because of the circuit or microcomputer A/D limitations. The microcomputer had a numerical

output range of 0 to 48 for the temperature calibration range of the sensor, 0 to 100 degrees Celsius. The investigator also found some circuit
instability at low temperatures which was most likely a result of the inability to recalibrate correctly at extended low temperatures. This problem
was partially resolved by recalibration of each sensor before the daily data collection period. Each of the four sensors were initially calibrated
with a mercury-in-glass thermometer in contact with a water surface. Care was taken not to submerge the sensors in water even though the electrical
contacts had been sealed with PVC cement. Data collected with this method was used to produce calibration curves for each sensor. The curves
were found to be basically linear and nearly coincident so that, within the ± 2 degrees Celsius resolution of the system, the same BASIC program

was used

to calculate the temperatures.
The BASIC program is listed as follows

10 REM

-

TEMP SENSOR

20 A=JOYSTK(0)

80 T3=O48-C)/.J»6

150 PRINT #-2, "T3 IS";T3

220 NEXT T

90 TW»8-D]/.1»6

160 PRINT tt-2, "D IS";D

225 NEXT S

30 B=JOYSTK(1)

100 PRINT tt-2, "A IS";A

170 PRINT tt-2, "V* IS";Ti*

230 NEXT Z

AO C=J0YSTK(2)

110 PRINT tt-2, "B IS";B

180 PRINT tt-2, "REPEAT"

2*»0 GO TO 10

50 D=J0YSTK(3)

120 PRINT tt-2, "Tl IS";T1

200 FOR Z=0 TO 5

130 PRINT tt-2, "T2 IS";T2

205 FOR S=0 TO 59

l*»0 PRINT tt-2, "C IS";C

210 FOR T=l To 390

60 Tl

= 0»8-A)/.*i6

70 T2<*(k&-b)/A6

Steps 200 to 230 provide a timing loop so the microcomputer collected data and printed it on the thermal printer in about five minute intervals.
Three solar collectors were used in the experiment. Collectors Cl and C2 were identical in size, 1.22 meter by 1.22 meter outside dimensions
withaluminum screen collector surfaces raised 2.5 cm above a 2.5 cm thick styrofoam insulation board covered with aluminum foil.The aluminum
screen and aluminum foil were painted flat black with inexpensive carbon and silicate pigment pain. Neither collector was provided with additional
sidewall insulation. The sidewalls were 5.0 cm thick wood. Both collectors had one air inlet and one outlet in the top rear of the collector. The
inlet was on the right and the outlet on the left of a baffle running the length of the collector which forced the air from back through the right
screen toward the transparent cover plate, and then the air was pulled back through the left screen and out by a Dlower. The blowers were rated
by the manufacturer at 0.99 cubic meter per minute of free air. The blower installed on collector Cl was measured to produce 0.59 cubic meter
per minute while that installed on collector C2 was measured to produce 0.70 cubic meter per minute. Measurements were made with a Bacharach
Florite mechanical air flow meter. The collectors had different covers but the collector surface to cover distance was 3.5 cm on both. Collector
Cl had a corrugated filon layer over a polyvinyl film while collector C2 had a doubled glazed polycarbonate cover separated by 0.5 centimeter.
Both collectors were installed on a south-facing wall 13 degrees from the vertical.
Collector C3 was larger, 1.22 meters wide by 2.44 meters long with an aluminum screen in an undulating wave configuration contacting at
five points over a 2.5 cm thick insulation board covered with aluminum foil.Both the screen and the aluminum foil were painted with inexpensive
flat black paint containing carbon and silicate pigments. C3 had a cover of single glaze corrugated filon. Air was input on the cover plate side
of the aluminum screen along the corrugation gaps at the top and bottom and then pulled through the screen and out the back of the collector
by an exhaust fan with a measured installed flow rate of 2.17 cubic meter per minute. C3 was installed on a south-facing wall 10 degrees from the vertical.
The average efficiencies of the three collectors are displayed in°Table 1. Efficiencies were calculated by dividing the thermal power output
by the solar power input. Solar power input was measured with a Crystal Products meter.

Results indicate the collector with the double glazed polycarbonate cover and flat black aluminum collector surface is the most efficient and
delivered the greatest thermal power output per square meter ofsurface area. Somewhat surprising was the second most efficient collector. This
collector had only a single glazed filon cover and therefore was less costly to construct. The air flow input from front cover through the screen
and out the back of the collector apparently was the reason for its surprisingly high performance.
The solid state integrated circuit temperature sensors were placed inside the collectors as sketched in Figure 2. The subscript (o) indicates
the sensor was on the outside of the collector screen and subscript (i)indicates the sensor was on the inside of the screen.
Analysis of the temperatures taken over several days at the four locations in each of the collectors, indicated that higher temperatures occurred on the cover plate side of the screen and lower temperatures were to the inside of the screen between the foiland screen. Generally the temperatures
were lower near the input position and higher near the output position as one would expect. Better heat transfer is obtained ifthe inlet air enters
between the cover plate and collector screen and is pulled through the screen and out the insulation board in the rear of the collector. The collectors
were found to have greater efficiencies if the exhaust air was taken from the top of the collector rather than from the bottom of the collector
even though the same exhaust fan was used in both cases. The comparison was made by rotating the collectors 180 degrees about a horizontal axis.
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Figure 2.
Table 1.
COLLECTOR

AVKRAUE
EFFICIENCY

AVERAGE THERMAL*
POWER OUTPUT /m

Cl

40%

175

C2

60Z

268 watt

Double Glaze Polycarbonate

C3

S9Z

243 watt

Single Glaze Filon

watt

COVER PLATE
FiIon-Vinyl Film

?Averages were for clear to partly cloudy days from February 12 to
April4, 1985. All collectors were operated and data collected concurrently on measurement

RUDOLPH J. EICHENBERGER, Physics-Engineering

days.

Dept., Southern Arkansas University, Magnolia, AR 71753.

FALL DEER FOOD SELECTION INTHE OUACHITA NATIONAL FOREST
A five-year study of fall food habits was undertaken in an attempt to fillsubstantial gaps in our knowledge about white-tailed deer populations in the Ouachita National Forest. Previously, no such data were available for the Ouachitas. In nearby Clark County, Adams and Harris
(Seventh Ann. Southeast Deer Study Group Conf., 1984, Unpubl.) identified 46 food items in deer rumina. Of these, the dominant items were
acorns of white oak (Quercus alba) and red oak (Q. falcata, Q. nigra, Q. phellos), Japanese honeysuckle (Lonicera japonica), fungi, dry leaves,
and red mulberry (Morus rubra). Studies by Harlow et al. (Harlow, J. Wildl. Manage., 28:562-567, 1984) and Lay (Lay, J. Wildl. Manage., 29:370-375,
1965) have also shown that fruits are an important constituent of fall deer diets throughout forests in the South.
The 637,520-ha Ouachita National Forest, located in west central Arkansas and southeastern Oklahoma, is intensively managed for timber
and wildlife. The terrain varies from nearly flat to rolling hills and steep ridges. Soils are of sandstone, shale, novaculite, and chert origin and
range from low to moderate in productivity for pine timber. Shortleaf pine (Pinus echinata) and loblolly pine (Pinus taeda) predominate in association with a hardwood midstory of white oak, northern red oak (Q. rubra), black oak (Q. velutina), southern red oak (Q. falcata), blackgum (Nyssa
sylvatica), post oak (Q. stellata), hickories (Carya spp.), and sweetgum (Liquidambar styraciflua). Common understory species include blueberry
(Vaccinium spp.), poison ivy (Rhus radicans), dogwood (Cornus florida), red maple (Acer rubrum), with young sprouts of hickories, oaks, and
blackgum. Mixed red oak-white oak-hickory stands are common on north facing slopes and along stream bottoms.
During November of 1979 and 1981-84, rumina from 64 hunter-killed deer were collected throughout a 7-county area (Garland, Montgomery,
Perry, Polk, Sebastian, Scott, Yell). Rumen contents were preserved in 10% formalin for later study. Yearly sample size ranged from 6-24. Hunter
participation was encouraged by offering to photograph cooperators with their kills and later mailing a photo to those who made deer available
for the study.
Using the techniques of Harlow and Hooper (Harlow, Proc. Ann. Conf. Southeast. Assoc. Fish and Wildl: Agencies, 25:18-46, 1971), rumen
samples were washed through a 9.51 mm sieve. Selection of this mesh size was based on Harlow and Hooper's findings that smaller mesh sizes
resulted in excessive processing time while use of a 9.51 mm sieve gave the true occurrence for 68% of food items. Food items were sorted and
their volumes determined by the water displacement method. Any item accounting for < 1% was recorded as a trace.
Mean volume (°!o) and frequency of occurrence (%) by food item are presented by year in Table 1. Two trends are readily apparent. First,
although many food items were present in small amounts, relatively few items accounted for most of the volumes. Second, there was great variation
among years. Acorns for example, were found to average 65% by volume and were present in 83% of the samples taken in 1979. However, no
acorns were found in 1983, and few (5%) in 1984, years of poor hard mast crops. Sumac seed heads were likewise important in most years, occurring in 100% of rumina sampled in 1982 and averaging 37% of the volume. In other years, sumac averaged at least 13% by volume and occurred
in 33% of samples.
Greenbriar was found in 63-100% of our samples, including all rumina sampled in 1983 and 1984. About half (41%, 53%) of average rumina
volumes for these years consisted of greenbriar leaves and stems. Use of greenbriar coincided with the lack of hard mast in these years indicating
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YEAR
SPECIES

1979

1981

vol.freq.vol.freq.

.

acorns

.

fungi

(Viburnum spp.)
huckleberry fruit
(Vaccinium spp. )
honeysuckle leaves

and

1983

1984

vol.freq.

vol.freq.

vol.freq.

83

18

31

27

80

17

31 77

5

20

11 55

50

30

85

37 100

23 82

8 63

19

69

9 80

65

(Quercus spp )

muscadine fruit
(Vitus rotundi folia)
sumac seed heads
(Rhus spp )
greeiibriar leaves
(Smilax spp . )

1982

5

19

8 67

3 77

0

0

5 33
3 33
13

33

47

100

53 100

24

92

17 100
00

10

90

t4t8

5

10

00

tl3t8

110

00

00

0048

00

00

00

T418

00

00

00

stems

(Lonicera japonica)

unidentified leaves
fNvssa svlvatica)
Poke berries
(Phytolacca americana)

Additional species

found in

trace

amounts

(t) in 1 or more samples:

oak leaves (Quercus spp. )
muscadine leaves
Virginia creeper leaves (Parthenocissus quinquefolia)
grass
elm leaves (Ulmus spp.)
rose hip (Rosa sppj
rattan vine leaves (Berchemia scandens)
haw leaves

Table 1. Mean volume (%) and frequency of occurrence of rumen contents of deer from The Ouachita National Forest, 1979-84.
that greenbriar was a substitute food when mast was unavailable.
In 1981, a year of good muscadine production, 77% of samples contained muscadine fruits. Mean volume was 31%. Inother years muscadine
was present in at least 17% of samples.
Although fungi averaged no more than 24% by volume, and averaged only 31% in 1981, frequency of occurrence ranged from 67-100%.
Since field observations indicate that total biomass of fungi present throughout the Forest is low, these data demonstrate that fungi constituent
a preferred constituent of deer diets.
Itis apparent that a variety of hard and soft mast species are important components of fall deer diets in the Ouachita National Forest. Because
of annual fluctions of some mast-producing species, management should be directed towards perpetuating a variety of mast-producers in Forest
timber stands. Other research needs include measuring the effects of silvicultural and wildlife stand improvement practices on mast-production,
determination of food preferences during other seasons (particularly the late-summer stress period), and relating this data to habitat capability
indices already developed for Ouachita Forest pine stands (Fenwood, Proc. Annu. Conf. Southeast Assoc. Fish and Wildl. Agencies, 38, 1983, in press).
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REPORTS OF ALBINOBIRDS IN ARKANSAS SINCE 1968
Itis the purpose of this paper to record the results of reports made on albino birds in the state of Arkansas since 1968. Sight identification
and museum specimens were used for this study. A previous paper (Hanebrink, 1968b) recorded albino birds from Arkansas up to 1968. Allrecords
of the descriptions of albino birds are kept in a card catalogue in the biology department at Arkansas State University.
There are several papers and notes recording albino birds from North America in the literature. Some of which include papers by Deane
(1876, 1879 and 1880), McGregor (1900), Edson (1928), Hicks (1934), Hunter (1939), Lee and Keeler (1951), Phillips (1954), Nero (1954), Lincoln
(1958), Weller (1959), Whitaker (1960), Ross (1963) and Hanebrink (1968a, 1968b, 1969 and 1971). In Europe Sage (1962, 1963) and Glegg (1931)
made extensive studies.
o
Since the 1968 publication of albino birds recorded in Arkansas, Ihave continued to collect information on sight records and museum specimens
from throughout the state. These records were forwarded to me by several Arkansas Audubon Society members and the information was placed
in a card catalogue and filed. The data which appears in this paper is a compilation from the card catalogue housed in the biology department
at Arkansas State University.
The term albinism has generally applied to animals showing some degree of abnormal white or depigmentation. Pettingill (1970) recognizes
four degrees of albinism inbirds. (1) Total Albinism, when all pigments are completely absent from the plumage, irises, and skin, (2) Incomplete
Albinism, when the pigments are completely absent from the plumage, or irises, or skin, but not from all three, (3) Imperfect Albinism (Dilute)
when all the pigments are reduced or diluted, and (4) Partial Albinism, when the pigments are reduced, or one or more is absent, from the parts
of any or all three areas. Of the four degrees of albinism, partial is the most common type.
A total of 78 individuals of26 species were reported by the writer in 1968. The 26 species were represented in 16 different families and from
four orders. In this paper another 78 individuals of 16 species were added. The 16 species are represented in 10 different families and four orders.
Sage (1963) stated that the great bulk of the records of British birds (67%) have occurred in the Turdidae, Corvidae, Hirundinidae, Passeridae,
Sturnidae and Fringillidae in that order. Glegg's (1931) data shows that the families he found most affected were in order of frequency, the
Turdidae, Sturnidae, Fringillidae, Passeridae, Corvidae and Phasianidae. Lee and Keeler (1951) tabulated records of plumage variations of the
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U.S. birds. The results involved 36 families and those with the greatest number of records were the Fringillidae, Corvidae, Icteridae, Anatidae,
Phasianidae and Turdidae. In this study the combined results as shown in Table 1 include 156 individuals of seven orders and 18 families listed
for the state. Most of the individuals showed partial albinism which represented 50.5 per cent followed by 31.2 per cent for complete/incomplete
and 17.0 per cent for dilute forms. The families with the highest per cent are as following: Icteridae 26.2 per cent, Ploceidae 16.0 per cent, Fringillidae
13.4 per cent, Turdidae 10.2 per cent, Corvidae 06 per cent and Sturnidae 06 per cent. Albinism was found in 33 species in the state.
Accipitridae

Red-tailed Hawk (Buteo jamaicensis)
A pure albino Red-tailed Hawk was observed by Steve Bounds on 10 and 14 November, 1975. The location was near Warm Springs in
Randolph County.

A partial Red-tailed Hawk was displayed alive at the 1982 fall meeting of the Arkansas Audubon Society meeting in Little Rock. The hawk
are in the A.S.U. collection. The markings of white was splashed with normal feathers. The red
tail was of normal color.
Bald Eagle (Haliaetus leucocephalus)
A dilute albino Bald Eagle was observed by several members of the Northeast Arkansas Audubon Society and was photographed by Dr.
Ed Price. The photograph is in the writer's collection at A.S.U. The Bald Eagle was present at Big Lake Wildlife Refuge during January, 1981.
The color appeared washed out to a very dilute form with some pigment at the tips of the primaries.

was photographed by the writer and color slides

Cuculidae
Yellow-billed Cuckoo (Coccyzus americanus)
An all white Yellow-billed Cuckoo was observed during the first week of April, 1969 by Malcolm Johnson near Tellar, Drew County, fide
J. O. Tooley.
Trochilidae
Ruby-throated Hummingbird (Archilochus colubris)
Nola Boyd of Leslie, Arkansas reported an extreme dilute albino Ruby-throated Hummingbird. It was described as pale pearl gray with yellow

bill.
Hirundinidae
Purple Martin (Progne subis)

A complete albino Purple Martin was observed and photographed on North Country Club Blvd. inLittleRock during the first week in July,
1975. The photograph appeared in the Pulaski Co. Audubon Society Newsletter, Vol. 9 (4), August, 1975. A photograph was also sent to the writer
and is in the A.S.U. card catalogue. Louis Lanford photographed the bird.
Tree Swallow (Iridoprocne bicolor)
A partial albino Tree Swallow was observed by Keith Sutton on the sewage ponds at Cherry Valley in Cross County on 8 October, 1976.
The partial albino was flying with other Tree Swallows and was described as having a white head with the white extending down to one-third of
its back. Other plumage was of normal color.
Corvidae
American Crow (Corvus branchyrhynchos)
A complete albino American Crow was reported from Batesville, Arkansas by Rodney Harris. This individual was observed twice during
February, 1978.
A partial albino American Crow was observed on 22 November, 1980 by John Row, two miles nw ofGreenfield. The crow was normal pigmented
with the exception of two large white patches on each wing.
Blue Jay (Cyanocitta cristata)
A complete albino Blue Jay was photographed by Walter Heins of Rogers and appeared in the Rogers Daily News, 15 June, 1969. The photograph
was sent to the writer and is in the A.S.U. card catalogue.
A complete albino Blue Jay was photographed on 20 March, 1968 in Little Rock by Mrs. J. H. Staucey.
An extremely dilute albino Blue Jay was observed by Charles Long, Dr. Ed Price, Dr. Rick McDaniel and Mrs. Tim Brown in the vicinity
of Oaklawn Cemetery and nearby residences in Jonesboro for most of the spring and summer of 1982 and 1983. The Blue Jay had barely visible
markings with fine etching of the basic pattern. It was mainly yellowish white with pigmented eyes.
Turdidae
Eastern Bluebird (Sialia sialis)
Dr. Paul Raines observed an extreme dilute albino Eastern Bluebird on 28 May, 1983 approximately three miles e of Glenwood, in Montgomery County. The individual had a vague pattern where the brown breast occurs.
American Robin (Turdus migratorius)
Joe Arnold of Flippin reported two partial albino robins from Marion County observed in November of 1966.
Fred Griffith, fide Joe Arnold reported a complete albino robin observed during December of 1967 from Flippin.
Frances Thompson from Clarkville, Johnson County reported a partial albino American Robin observed 4 May, 1974. The breast portion
was normal with the back region partly white.
Keith Sutton observed a partial albino American Robin on 27 August, 1976 from Cherry Valley in Cross County.
Frank Stark reported a partial albino American Robin on 2 March, 1977 from Jonesboro, Craighead County. The bird had a white head
with some white feathers scattered over the body plumage.
Greta Jernegan reported a partial albino American Robin on 4 April, 1980 from Paragould, Greene County. This bird had some of the
normal breast color with most of the other parts white.
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Sturnidae
European Starling (Sturnus vulgaris)
Ben Armstrong reported a partial albino European Starling observed in a flock from his backyard in Jonesboro, Craighead County on 7
January, 1968.
Jan Stern of Pine Bluff reported a complete albino European Starling on 16 May, 1969. This specimen was sent to the A.S.U. museum for

mounting.
Georgia Allison reported a partial albino European Starling on 20 December, 1972 from Hoxie, Lawrence County. This bird had white
blotches on the head, wings and back.
David Loy reported a dilute albino European Starling feeding with a flock on 21 November, 1975 from Jonesboro, Craighead County.
Keith Sutton reported a partial albino European Starling from Cherry Valley, Cross County on 8 September, 1976. The middle rectricies
were white with other plumage of the body of normal color.
A partial albino European Starling was observed at the residence of the writer in Jonesboro on 12 January, 1977. This bird had one white
feather in its rectricies.
Addis H. McDonald reported a complete albino European Starling from North Little Rock, Pulaski County. It was a regular visitor to the
area from January through March, 1983.
Ploceidae
House Sparrow (Passer domesticus)
Georgia Dersch observed a female House Sparrow which was a dilute albino. It was uniform cream colored with a patch of brown on its
back. The individual was observed on 14 August, 1969 at Walnut Ridge, Lawrence County from the side of the road with another male House Sparrow.
Mrs. Cecil Westbrook of Camden reported a partial albino House Sparrow with the head and back mainly white. The bird was observed
on 2 March, 1970.
A partial albino House Sparrow was reported by Marie Locke of Pine Bluff on the 1 and 2 of May, 1972. The entire head was predominantly
white with some brown blended in. The chest region had some white feathers and the throat was mainly white.
Avanell Ellis reported a solid white House Sparrow on the 1973 Christmas Bird Count for Jonesboro, Craighead County. The bird was an
incomplete albino as it had pigmented eyes.
Garry Waddell reported a complete albino House Sparrow observed near Manila in Mississippi County on 13 April, 1972. It was observed
in a flock near an old house along the roadside.
Dr. Dan Timmermann reported a complete albino House Sparrow at his residence in Jonesboro, Craighead County on 7 May and at other
times during the month, 1973. The bird was nesting in a birdhouse at his residence.
Mrs. C. C. Mitchell of Delta Lodge of Dumas reported a complete albino House Sparrow 9 June, 1972. This report was sent to the writer
by Iola Rea of LittleRock, Pulaski County.
Dr. Tom Bishop reported a complete albino House Sparrow observed during the fall of 1975 near Otwell, Craighead County.
A partial albino House Sparrow was observed on the A.S.U. campus on 6 December, 1981 by Larry Lawrence and Jimmy Metz.
Evalyn Johnson reported two incomplete albino House Sparrows from near Otwell, Craighead County during late November, 1984. These
were described as being dingy white with pigmented eyes.
Icteridae
Red-winged Blackbird (Agelaius phoeniceus)

A juvenile dilute Red-winged Blackbird was collected 6 mi e of Paragould, Greene County from a wooded area during the summer of 1969.
The bird was shot from a group. The bird was described as being completely white with the exception of a washed out red on the wing coverts.
Mr.and Mrs. Howard Pierce reported a partial albino Red-winged Blackbird from Cherry Valley, Cross County. This bird had a black head
and the regular red and yellow markings on the wings with the remainder of the body white. This bird was observed several times during 1970 and 1971
Common Grackle (Quiscalus quiscula)
Avanell Ellis reported a partial Common Grackle with white feathers in the tail and a small amount of white in the wings on 14 February,
1968. This bird was observed from Craighead County.
Alice Leasher reported a partial dilute albino Common Grackle from Little Rock on 12 April, 1968. Some of the rectricies were white and
the others a dilute or washed out color. There was some white on the wings and the head was of a washed out appearance.
J. O. Tooley reported three partial albino Common Grackles on 6 April, 1969 from Wilmar, Drew County. One grackle had some of the
primary feathers of the right wing white. Another partial albino Common Grackle had some of the upper tail coverts white and still another partial
albino grackle had all of its tail feathers white.
Jane Henry reported a partial albino Common Grackle with a white tail observed w of Jonesboro, Craighead County during the spring of 197 1
The writer and wildlife management class of A.S.U. observed a partial albino Common Grackle at Big Lake Wildlife Refuge in Mississippi
County on 27 April, 1972. This grackle had a white head and mottled neck, other plumage was normal.
Lonnie Coleman observed a partial albino Common Grackle 16, miles w of Forrest City, St. Francis County on 15 April, 1972. This grackle
was of normal color except of its white tail.
Franklin Thigpen observed a partial albino Common Grackle 16 miles w of Forrest City, St. Francis County on 1 April, 1972. This grackle
had mostly white wings with normal color elsewhere.
Timothy Allison reported a partial albino Common Grackle on 20 January, 1973 at Walnut Ridge, Lawrence County. This grackle had a
white head with a few black feathers. Other plumage was normal.
Larry Lawrence reported a partial albino Common Grackle from Beebe on 18 March, 1972. This grackle was observed on the A.S.U. Beebe
campus. It was normal color except some of the middle rectricies were white.
The writer observed at his residence in Jonesboro, Craighead County a partial albino Common Grackle with a partial white head during
mid- January, 1974.
Lynn Luster reported a partial Common Grackle on 30 April, 1974 in Jonesboro, Craighead County. This grackle had an all white tail.
Mrs. Cozart Ewing reported a partial albino Common Grackle on 6 February, 1976 from North Little Rock. This grackle had a white head
and a barring under the throat similar to that of a Killdeer.
J. O. Tooley reported a partial albino Common Grackle from Wilmar, Drew County, observed during the winter of 1976. This grackle had
a white head and neck.

.

.
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Nancy Cathcart reported a partial albino Common Grackle from Jonesboro, Craighead County on 1 April, 1976. This grackle had a white
ring around its neck and had a white tail.
Larry Adams reported a partial albino Common Grackle on 31 March, 1978 from Sedgwick, Lawrence County. This grackle had a white
head with parts of the upper wing coverts white.
Dr. Larry Hink and Dr. Larry Olson reported a partial albino Common Grackle from their yards in Jonesboro, Craighead County on 18
and 20 January, 1978. This grackle had a whitehead and the breast was white with a few black feathers. The white extended down to the bend of the wing.
Ruth Graves reported a partial albino Common Grackle at her residence in Jonesboro, Craighead County during February, 1980. The feathers
of the head were mostly white.
The writer observed a partial albino Common Grackle from the highway near the Nettleton Sewage Ponds on 28 March, 1980. This grackle
had a white head with several black feathers.
Cheryl Lavers reported an incomplete albino Common Grackle from Farville, Craighead County on 1 February, 1980. This grackle was all
white with pigmented eyes and bill.

The writer observed a dilute albino Common Grackle near Berry's Truck Stop out of the city limits of Jonesboro, Craighead County on
9 March, 1981. This grackle appeared as if it was dipped in bleach.
Stephanie Hill reported a partial albino Common Grackle from Lonoke on 10 May, 1982. This grackle had a few white tail feathers.
Alan Posey reported a partial albino Common Grackle observed in Jonesboro, Craighead County during February, 1978. The face area was
white as well as the throat with the white extending down the neck. The wing butts were of a dingy white color.
A Common Grackle is in the collection at the A.S.U. museum. This grackle is a partial albino with white head with several black feathers.
Collector is not known.
Tom and Mary Manning reported two partial albino Common Grackles observed in Jonesboro, Craighead County during early March, 1983.
One grackle had large white areas on both wings. The other Common Grackle had a white head with a few black feathers.
Western Meadowlark (Sturnella neglecta)
Elbert Hawkins collected a dilute albino Western Meadowlark near Manila, Mississippi County on 4 February, 1971. This specimen was
photographed by the writer and described as an extreme dilute bird with barely recognized color pattern (Hanebrink, 1971).
Fringillidae

Northern Junco (Slate-colored Junco), (Junco hyemalis)
Margo Hettich reported a partial albino Northern Junco from Route #2, West Fork on 20 March, 1968. This bird had white patches on the
crown, shoulders, back and rump.
Northern Cardinal Cardinalis cardinalis)
Virginia Springer reported an extreme dilute albino Northern Cardinal on 15 March, 1970 from Little Rock, Pulaski County. This bird appeared several times at her feeder. The bill, wings and tail were of a faded pink with other plumage white. The report was forwarded by Roberta Crabtree.
Lattie Zieman reported two extreme dilute Northern Cardinals from Little Rock, Pulaski County. Both were almost solid white with a few
pinkish feathers in the tail and around the neck region. The eyes were pigmented. These two juvenile birds were raised in her back yard and were
reported 16 July, 1972.
A. E. Parker of North Little Rock reported a complete albino Northern Cardinal which was in the area for three weeks in July, 1973.
Mrs. Bob Kline reported a partial albino Northern Cardinal (male) from Cherokee Village, Sharp County during March, 1976. The bird visited
the feeder several times and was described as having a white belly extending from the neck down to the underwing on the left side.
Helen Taylor reported a partial albino Northern Cardinal (female) as being mostly brown withback and rump white and a washed out pink
on the outer tail feathers. This report comes from Little Rock on 7 March, 1978.
Mary Hearns reported a complete albino Northern Cardinal from Little Rock on 30 November, 1979. The bird was observed at her feeder
in the yard at various times since June.
Phala Davis of North Little Rock sent a photograph of a dilute female Northern Cardinal observed in the area from March, 1980 to July,
1980. This individual appeared washed out to almost white especially on the back and tail. Photograph on file.
David Mills reported a partial albino Northern Cardinal from Hot Springs, Garland County, observed during December, 1983. The bird
had a white head with the exception of a few colored feathers at the tip of the crest. Two colored photographs were sent to the writer and are
in the A.S.U. card catalogue.
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A SYNOPSIS OF THE NEPIDAE OF ARKANSAS
There have been no studies treating specifically of the Nepidae of Arkansas. Pertinent information is either in taxonomic studies which include Arkansas material (Hungerford, 1922) or lists of aquatic macroinvertebrates from particular sites within the state (Harp and Harp, 1980;
Farris and Harp, 1982; Huggins and Harp, 1983). The purposes of this paper are to present the first statewide species list, to delineate geographic
distributions, and to define preferred habitats for nepid species, insofar as present knowledge will allow. Arkansas species may be identified by
using Gonsoulin's (1975) key to Louisiana species.
The information presented has been synthesized from specimens made available by those sources listed in the Acknowledgments, published
works, and my personal collections. The museum collections at the University of Arkansas-Fayetteville and -Little Rock have been examined. The
specimens Icollected are preserved in 70% ethanol and housed inthe Aquatic Macroinvertebrate Collection of the Arkansas State University Museum
of Zoology (ASUMZ).
Nepa apiculata was first reported from Arkansas by Farris and Harp (1982). It is our least common nepid species, being represented by 21
specimens from 12 collections in six counties (Fig. 1). Hungerford (1920) characterized this species as mud loving, most often being collected in
mud and trash near water's edge. In Arkansas all collections have been from shallow waters, such as cut-off pools or at stream's edge, but from
diverse habitats. Ithas been collected from bogs (three times), springs (twice), a river, creek, lake and swamp. The collections thus far are from
Crowley's Ridge and the Ozark Plateaus. Each habitat has possessed clear water of good quality. Ihave seen no reference to seasonal occurrence,
other than Hungerford's (1920) statement that this species overwinters as an adult in Ithaca, NY. Arkansas specimens have been collected during
every month but January, May and June.
Harp and Harp (1980) first reported Ranatra australis Hungerford in Arkansas. Itis a common and widespread species with 212 individuals
having been taken during 81 collections in 27 counties representing all fivenatural divisions, as defined by Foti (1974) (Fig. 2). Our collections
are most often from ponds (40%) with 20% each of the collections occurring in lakes and creeks. Other collections have been from swamps, rivers,
sewage lagoons, a bog and a ditch, in order of descending frequency. Gonsoulin (1975) thought this species to be the most common one in Louisiana. He reported its occurrence primarily along the deltaic plains and Mississippi Alluvial Plain, although several collections were made in the
higher mixed woods areas of that state. His observations describe our situation well. More collections and more specimens of this species have
been taken in Arkansas than any other nepid. Further, while most collections are from the Mississippi Alluvial Plain to date, Iexpect that this
adaptable species can be found in any county. Gonsoulin (1975) in 17 collections found R. australis during all months except February, May, September
and December. Wilson's (1958) few specimens were collected during September-November in Mississippi. This species has been collected in Arkansas from February through December.
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Ranatra buenoi Hungerford was first reported from Arkansas by Harp and Harp (1980). Like R. australis, itis a plastic species. Itis known
from 113 specimens taken during 71 collections in 33 counties throughout Arkansas' fivenatural divisions (Fig. 3). Locality data are available
for 62 specimens in 40 collections. Of these, 32 specimens in 17 collections are from creeks. Other habitats, in order of descending frequency,
are rivers, ponds, lakes, swamps, and a spring. The apparent preference for creeks may be the result of biased sampling. Dr. Henry Robison kindly
retains aquatic insects which appear in the seine as he collects fishes. Since he is a stream ecologist, most of the aquatic insects he contributes
are from streams. He has sent several nepids from southern Arkansas, and with one exception they have been R. buenoi. Gonsoulin (1975) noted
that this species has been recorded in a variety of habitats in Louisiana but seems to occur more frequently in low lying areas in which the waters
are quite turbid and contain abundant aquatic vegetation. This species has been collected in all fivenatural divisions in Arkansas. Gonsoulin (1975)
made 14 collections of/?, buenoi, during January, June-August, October and November. InArkansas ithas been collected from February through
December.
Ranatra fusca Palisot de Beauvois has not been recorded from Arkansas previously. The 30 collections in 12 counties have provided 90 specimens
(Fig. 4). Of the 14 collections for which there are locality data, 9 collections were from streams, 2 each from lakes and ponds, and 1 from a slough.
Alllocations are inthe Ozark Plateaus. Froeschner (1962) reported this species to be quite common in Missouri ponds, but it was not often collected
in Mississippi or Louisiana (Wilson, 1958; Gonsoulin, 1975). Froeschner (1962) had specimens from every month of the year. In Arkansas specimens
have been collected from February through November, excepting May.
Ranatra kirkaldyi Bueno is also newly reported for Arkansas. Itis perhaps the least common Ranatra species, being known from 51 individuals
in 16 collections from 13 counties (Fig. 5). Of the 16 collections, 12 are from streams and 4 from lakes. Most collections, 11, are from the Ozark
Plateaus, and the remainder are from the Ouachita Uplands. Froeschner (1962) reported one specimen from a streamside pond, Wilson (1958)
reported itfrom a lake, and Gonsoulin (1975), while listing it, had no records ofits occurrence. Wilson (1958) and Froeschner (1962) each reported
a September collection of this species. In Arkansas it has been collected from March through November.
Ranatra nigra Herrich-Schaffer was firstrecorded from Arkansas by Hungerford (1922). Materials at hand include 65 individuals in 33 collections from 21 counties (Fig. 6). Lakes provided 9 of the collections, while other habitats included swamps, bayous, streams, ponds and a sewage
lagoon, listed in order of descending frequency. Most specimens were collected in the Gulf Coastal Plain, but they were taken in all five natural
divisions. Itis my impression that in Arkansas, R. nigra will most likely be found in lowland aquatic ecosystems that are relatively undisturbed
or still possess waters of fairly good quality. Froeschner (1962) listed a pond as the habitat site for his only collection of this species. Gonsoulin
(1975) collected the species in a wide variety of habitats, including temporary waters. Froeschner (1962) collected this species in October in Missouri,
Wilson (1958) reported January, July, October and November collections, and Gonsoulin (1975) listed March, April, June-August and OctoberNovember collections. In Arkansas ithas been collected from March through December.
Itis to be anticipated that all six nepid species can be collected during any month of the year in Arkansas. The small number of collections
during the winter months probably reflects the bias of the collectors. Further, most species probably can be found in all counties of the state.
R. fusca and R. kirkaldyi may be more restricted in their distribution, however, appearing to prefer upland waters.
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A SYNOPSIS OF THE HYDROMETRIDAE OF ARKANSAS
Information pertaining to the Hydrometridae (marsh treaders) of Arkansas isrestricted to their infrequent listing among aquatic macroinvertebrates
from particular sites within the state (Harp and Harp, 1980; Farris and Harp, 1982; Huggins and Harp, 1983). The purposes of this paper are
to report the occurrence of a second hydrometrid species in Arkansas, to delineate the distribution of both species, and to state their preferred
habitats, insofar as current knowledge willallow. Froeschner's (1962) key to Missouri species is suitable for identification of Arkansas' species as well.
The data presented are a synthesis of the contributions from all the sources listed in the Acknowledgments, pertinent published records, and
materials collected by myself. The museum collections at the University of Arkansas-Fayetteville and -Little Rock have been examined. The specimens
Icollected are preserved in 70% ethanol and housed in the Aquatic Macroinvertebrate Collection of the Arkansas State University Museum of
Zoology (ASUMZ).

The state's most common marsh treader, Hydrometra martini Kirkaldy, was first listed by Farris and Harp (1982). Huggins and Harp (1983)
also listed this species. To date 150 collections have provided 376 specimens from 44 counties (Fig. 1). The collection site is known for approximately 85% of this material. The plasticity ofH. martini is evidenced by several observations. First, although approximately one-third of the individuals
have been collected from ponds and another one-third from creeks, the remaining individuals have been collected from springs, rivers, ditches,
lakes, swamps, acid bogs, acid bauxite lakes and sewage lagoons, in order of decreasing frequency of collection. Further, they have been taken
from creeks in all fivenatural divisions, as defined by Foti (1974). Wilson (1958) reported that in Mississippi H. martini was collected most commonly in clear, shady streams, ponds covered with emergent vegetation, shallow drainage canals, roadside borrow pits covered with vegetation,
and shady Lemna-co\ered sloughs in swamps.
Of the 364 adults in this study, 294 (81%) were macropterous. Sprague (1956) reported that between 1-3% of the adult specimens she
examined from Kansas, Michigan and Massachusetts were macropterous. European investigators have found brachypterous and apterous forms
of some species ofGerridae to be more common in the north, macropterous forms in the south. They correlated wing form with temperature (Sprague,
1956). It is not a matter of temperature strictly with H. martini. Macropterous forms were collected every month of the year, and apterous forms
were collected during March and from May through November. There is no correlation between the macropterous:apterous
ratios and monthly
mean temperatures, either in this study or that by Sprague (1956). It may be that latitude was the initial triggering mechanism, but that the frequency of the two forms is now determined genetically.
Twelve early instar nymphs were collected in this study, three inMay, six in June, and three in October. Sprague (1956) noted that in northern
states this species has three generations per year with adults hibernating. Froeschner (1962) found adults in Missouri from 28 Aprilthrough 8 October. Nymphs can be expected to be found most of the year in Arkansas, since Hungerford (1920) has observed that under favorable conditions
the complete life cycle requires approximately 15 days.
This paper documents the occurrence of one additional malsh treader species in Arkansas, Hydrometra hungerfordi Bueno. Its presence is
established with 15 collections totalling 20 individuals (Fig. 2). Itis obviously an uncommon species, and it may be more restricted as to preferred
habitat. All15 collections are from streams: seven from Ozark streams (tributary of Fourche River in Randolph Co., Eleven Point R., Dry Creek
tributary of Eleven Point R., South Fork of Spring R., North Sylamore Creek, and Hell Creek - twice), two from Ouachita streams (Mountain
Fork of LittleRed R. and Cove Creek) and six from the intervening Arkansas River Valley (Prairie, or Hiatt Creek). Wilson (1958) reported the
collection of this species in Mississippi to be generally from cool, clear, shady streams and ponds, and shady clear, spring-fed seepage areas at
the base of hills. Froeschner (1962) reported that less than 12 specimens had been collected in Missouri, all from the Ozarks.
Of the 20 H. hungerfordi collected in Arkansas, all have been apterous. These were collected in March and from May through November.
Wilson (1958) reported their being collected in Mississippi during February and from July through October. Froeschner (1962) reported collections
of Missouri specimens from 17 March through 26 May.
A third marsh treader may be found in Arkansas. Drake and Hottes (1952) reported collections of Hydrometra wileyae Hungerford from
Florida, Mississippi, Texas and Kansas. Herring (1951) collected this species in Florida only from calcareous streams which were characterized
by clear, cold water derived from huge springs of a calcareous nature.
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FURTHER DISTRIBUTIONAL RECORDS FOR ARKANSAS ANISOPTERA
Harp and Rickett (The dragonflies [Anisoptera] of Arkansas, Proc. Ark. Acad. Sci., 31:50-54, 1977) reviewed earlier literature concerning
Arkansas Anisoptera and reported 84 species for the state. Dunkle (New records ofNorth American Odonata, Ent. News, 94:136-138, 1983) added
one species, and Harp (New and unusual records of Arkansas Anisoptera, United States, Notul. odonatol., 2[2]:26-27, 1983) added six species
but deleted two reported by Harp and Rickett (1977), bringing the state list at that time to 89. The purposes of this paper are to make current
both the Arkansas Anisoptera species list and the distribution records of each species by county.
The majority of new distributional information reported herein derives from collections by the authors. Supplementing this have been specimens
and records transmitted to us by several considerate supporters. Two species are reported for Arkansas for the first time. Gomphurus modestus
Needham was collected on the Saline R. at U.S. Hwy 70, approximately 4 mi SW Dierks, Howard County, on 20-VI-84. Brechmorhoga mendax
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Table 1 Arkansas Petaluridae, Cordulegastridae
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Table 2. Arkansas Aeshnidae, Macromiidae and Corduliidae, listed by county.
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Table 3. Arkansas Libellulidae, listed by county.
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Hagen was collected on the Caddo R. at St Hwy 84, approximately 2 Vi mi NE Amity, Clark County, on 23-V-84. These additions bring the Arkansas Anisoptera species list to 91.
The increase in our distributional knowledge is placed in perspective by two observations. Harp and Rickett's (1977) paper listed 656 county
records, while this paper lists 1451 county records (Tables 1-3). Our most common species, Erythemis simplicicollis, was recorded from 32 counties
in 1977, but it is now listed for all 75 counties. Distributional data are becoming sufficiently extensive that some analyses for individual species
can now be attempted. Nevertheless, much information remains to be collected. Harp and Rickett (1977) predicted the eventual listing of an additional nine anisopteran species, based on lists from contiguous states. Of the nine species added to the state list since then, only two are among
those predicted seven are not.
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DISTRIBUTION AND STATUS OF ETHEOSTOMA CRAGINIGILBERT
ANDE. MICROPERCA JORDAN AND GILBERT IN ARKANSAS
Etheostoma cragini, the Arkansas darter, is endemic to the Arkansas River system in Colorado, Kansas, Oklahoma, Missouri, and Arkansas
(Cloutman, 1980) and a member of the recently erected subgenus Ozarka (Williams and Robison, 1980). Recent distribution and status reviews
of Arkansas' ichthyofauna did not include E. cragini as a component (Buchanan, 1973, 1974; Robison, 1974). Cloutman (1980) plotted the first
known locality for the species in Arkansas but did not discuss the range extension. This locality was discovered in 1979 by Arkansas Highway
and Transportation Department personnel during construction of the U.S. Highway 71 Bypass around Fayetteville, Washington County (Buchanan,
pers comm; Cloutman, pers comm).
Habitat of the Arkansas darter is most often reported as small spring branches or spring-fed creeks with thick growths of aquatic macrophytes
such as Nasturtium officinale, Ranunculus sp., and Myriophyllum sp. (Pflieger, 1971, 1975; Cross and Collins, 1975; Williams and Robison, 1980).
Captures of Arkansas darters from the Chikaskia River, Kansas and the mainstream Arkansas River indicate this species can exist, at least temporarily, in large stream habitat (Cross, 1967; Matthews and McDaniel, 1981).
Etheostoma microperca, the least darter, is a member of the subgenus Boleichthys (Page, 1981) and is widely distributed from the Great
Lakes region and Minnesota southward to Missouri, Oklahoma, and Arkansas (Burr, 1980). Buchanan (1973, 1974) and Robison (1974) listed
localities for E. microperca in the Arkansas River drainage in Benton County and in the Saline River of the Ouachita River system. Burr (1978)
reviewed the Saline River specimens and concluded they were actually E. proeliare, a closely related member of the subgenus Boleichthys.
Burr (1980) and Pflieger (1971, 1975) describe the habitat off. microperca as clear, quiet, heavily vegetated waters such as pools of small
sized creeks with permanent flow, pothole lakes, spring pools, and seeps.
To locate additional populations and determine the overall status ofboth species within Arkansas, we examined over 50 localities in Washington
and Benton counties. This two county area, which forms the northwestern corner of the state, has an abundance
' of limestone springs draining
into the Illinois River of the Arkansas River system. Sample sites were located using U.S. Geological Survey 7.5 topographic quadrangles. Accessible springs and spring-fed streams were sampled by seining with 1.2 meter x 1.5 meter nets having 4.5 mm mesh. Population estimates were made
by determining the amount of suitable habitat and applying the densities observed from a subsample. Specimens were preserved in 10 percent formalin and stored in 45 percent isopropanol. Specimens have been deposited in the vertebrate collections of the Arkansas State University Museum
of Zoology (ASUMZ); the Museum of Zoology, Northeast Louisiana University (NLU); and the Westark Community College Zoology collection
(WZC).

A summary of new localities found in our survey, date of collection, and disposition of specimens is presented for each species. This is
followed by a description ofhabitat where populations currently exist. Reference is made in this section to materials catalogued at Cornell University (CU) and the University of Michigan (UMMZ).
Five localities are now known for E. cragini within Arkansas: 1) Benton County: Healing Spring Run and Little Osage Creek at Arkansas
Highway 264 crossing (T18N, R31W, sec. 10). 21 August 1981. 5 specimens (ASUMZ 9340). 2) Benton County: Unnamed spring run tributary
to Osage Creek near Logan Community (T18N, R32W, sec. 27). 23 March 1982. 12 specimens (NLU 54208). 3) Benton County: Unnamed spring
run tributary to Osage Creek near Logan Community (T18N, R32W, sec. 34). 28 July 1982. 3 specimens (ASUMZ 9396). 4) Washington County:
Spring run tributary to Wildcat Creek northeast of White Oak Church and cemetery (T17N, R31W, sec. 17). 20 April 1982. 1 specimen (NLU
54206). 5) Washington County: Unnamed spring run at junction of Arkansas Highway 112 and U.S. Highway 71 Bypass in Fayetteville (T17N,
R30W, sec. 33). 19 March 1979. 5 specimens uncatalogued, WZC.
Localities 2 and 3 are considered separate spring run populations even though they exist along a continuous stream channel. During summer
and fall, the populations are separated by more than one mile of dry streambed. We believe there is little interchange between the two, and thus,
they exist as discrete populations.
The largest known populations of E. cragini within Arkansas exist in Healing Spring Run (1), unnamed spring run (2), and the Highway
71 spring run (5). The Healing Spring population is estimated at 500-1000 individuals while the unnamed spring run, and Highway 71 populations
probably consist of more than 1000 individuals each. The remaining two populations appear much smaller (less than 100 individuals) due to lack
of extensive habitat.
All known E. cragini sites in Arkansas have the following physical characteristics:
first or second order spring runs; aquatic vegetation;
and a substrate of fine gravel, sand, and silt. Numerous larger streams were sampled without yielding Arkansas darters. The closely related Etheostoma
punctulatum, also of the subgenus Ozarka, was found in these second to third order streams. Small, apparently pristine, spring branches with
aquatic vegetation but coarser substrate were also examined but no Arkansas darters were found. Spring runs used extensively by livestock also
seem unsuitable for E. cragini.
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Only one spring (Locality 3) that was used by livestock had Arkansas darters. Substrate inthis spring and the springs without Arkansas darters
was unlike the substrate in the other springs with E. cragini in that it was unusually soft and covered with a layer of fine organic material.
Feedlot runoff and substrate disturbances by livestock seem to constitute the principle sources of danger for existing populations. This situation is not likely to abate due to the continuing agricultural development in northwest Arkansas.
Robison, Moore, and Miller (1974) regarded the Arkansas darter as rare and endangered in Oklahoma. Platt (1974) recommended that special
attention be given to the Arkansas darter to assure its survival in Kansas and it was later designated as threatened by Kansas state law (Matthews
and McDaniel, 1981). We believe E. cragini should be accorded vulnerable (rare) status as defined by Buchanan (1974) in the Arkansas Natural
Area Plan due to the limited suitable habitat for the species and the probable continued degradation of existing habitat by agricultural development.
Burr (1978) listed three valid localities for E. microperca in Arkansas: 1) Benton County: Osage Creek 1.5 miles north of Cave Springs.
6 February 1973. 9 specimens (NLU 25892). 2) Benton County: Wildcat Creek 12 miles west of Springdale. 1 July 1938. 2 specimens (UMMZ
123459). 3) Washington County: Clear Creek at Savoy. 17 April 1960. 1 specimen (CU 35568). Burr also verified the identity of a specimen from
the Red River drainage, Hempstead County, Arkansas but considered the locality data questionable.
Our collections revealed two additional populations of the least darter: 1) Benton County: Healing Spring Run and Little Osage Creek
at Arkansas Highway 264 crossing (T18N, R31W, sec. 10). 21 August 1981. 1 specimen (ASUMZ 9343). 2) Washington County: Elkhorn Spring
Run southwest of Arkansas Highway 16 near Highland Church (T16N, R31W, sec. 18). 13 July 1982. 4 specimens (NLU 54207).
We found the least darter syntopic with the Arkansas darter at the Healing Spring locality. E. microperca was collected from first or second
order spring runs, generally in pools or stream margin with abundant aquatic vegetation and a detrital substrate. Based on old locality records
and our habitat observations, it appears the least darter may be more tolerant of larger stream size and detritus than the Arkansas darter.
The Healing Spring population is the largest known concentration of E. microperca within the state and is estimated in excess of 1000 individuals. We revisited the previously known collecting sites to determine the quality of these streams and ifpopulations of E. microperca still
existed. No least darters were collected and agricultural runoff appeared substantial, especially in Osage and Wildcat creeks. These populations
may be in jeopardy or possibly extirpated.
Robison (1974) listed E. microperca as rare and Buchanan (1974) considered itvulnerable (rare) in Arkansas. Burr (1978) reviewed the status
of the species throughout the remainder of its range. Burr's identification of the Saline River population as E. proeliare significantly reduced the
range and number of sites known for the least darter in Arkansas. We feel the least darter should continue to be considered vulnerable (rare) with
special emphasis on preservation of existing habitat.
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INCIDENCE OF GIARDIA IN ARKANSAS BEAVER
Over the past several years, human giardiasis has been recognized as an important parasitic disease (e.g. Barbour et al., 1976; Davies and
Hibler, 1979; Lopez et al., 1980; and Gerardi, 1982). While the disease may be transmitted by the fecal-oral route, an increase in waterbome transmission
has been noted (Gerardi, 1982). Several wildlife species (e.g. beaver, dogs, rats, raccoons) have been shown to have cross-infectivity withhumans,
thus transmission of Giardia through water contamination can occur through a number of reservoirs (Davies and Hibler, 1979; Hewlett et al.,
1982). Because of their aquatic habits, the beaver would seem to be most highly suspect inwaterborne cases of giardiasis. This study was undertaken
to survey beaver in Arkansas to determine ifGiardia was present and ifany geographical region in the state might be more prone to infected animals.
During the 1983-84 furbearer trapping season, several Arkansas trappers were solicited to collect feces from the rectum of freshly killed beaver
and place itin two specially prepared containers, one containing 10% formalin and the other a polyvinyl alcohol fixative solution. Detailed instructions were included with the specimen packs. The specimens were returned to the Dept. of Biology at UALR for subsequent analysis at the UAMSC.
Concentration procedures were performed, on the formalin samples, using the formalin-ethyl acetate sedimentation technique (modified
Ritchie's ether-formalin procedure; Young et al., 1979). Wet preparations stained with Lugol's Iodine were examined for the presence of Giardia
cysts. When necessary, for confirmation or identification, samples preserved in polyvinyl alcohol fixative were stained, using Wheatley's (1951)
trichrome stain.
Table 1 summarizes the findings ofGiardia cysts in the feces examined. Feces from 78 beaver were examined, 9 of which were positive, resulting
in a prevalence of 11.5%. This prevalence is much higher than that found by Wallis et al. (1984) 3.5 (ro 2/58 beavers) in Alberta, Canada and
lower than that found by Davies and Hibler (1979) (18%) in a Colorado study. However, it is similar to a study of 656 beavers in Washington,
which exhibited a prevalence of 10.5% (Frost et al., 1982). These studies, together with others directly linking beaver to waterborne giardiasis (Barbour et al., 1976; Dykes et al., 1980; and Lopez et al., 1980) dt.nonstrate that the beaver may be an important reservoir for Giardia.
Specimens in this study were obtained from 13 counties throughout the state (Table 1). Of these, infected beavers were found in six counties
(46.2%). Counties with infected beavers were located throughout the state, with no discernable pattern.
The results reported suggest that beaver in Arkansas exhibit a relatively high prevalence of Giardia and that they might serve as an important
reservoir for waterborne transmission of giardiasis between wildlife and man. The data certainly indicate that further study on Giardia in beaver,
as well as other wildlife, in Arkansas is warranted.
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0
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IDENTIFYINGPERPLEXING CHICKADEE SPECIMENS FROM SKELETAL MATERIAL

—

Although the Black-capped Chickadee (Parus atricapillus) is not known to occur in Arkansas (American Ornithologists' Union. 1983. Checklist ofNorth American birds, 6th edition. Allen Press, Lawernce, Kansas, 877 pp; James D. A.and J. C. Neal. 1987. Arkansas birds their distribution
and abundance. Univ. Arkansas Press. Fayetteville, in press) there were two skeletal specimens bearing this name in the Museum of Natural History,
University of Kansas (KU 19725 d an d 19728 )• Both were collected by J. D. Black near Winslow in Washington County, the male bird on
31 December 1931, the female on 2 January 1932. We suspected a cataloging error because when asked, Black (pers. comm.) could not recall collecting
Black-capped Chickadees in Arkansas, adding that he did not include the species in his avifaunal study of the Winslow area (Black, J. D. 1935.
Birds of the Winslow, Arknasas region. Am. Midi. Nat. 16:154-176).
The closely related Carolina Chickadee (Parus carolinensis) is common in Arkansas (American Ornithologists' Union. 1983. Check-list of
North American birds, 6th edition. Allen Press, Lawerence Kansas, 877 pp; James, D. A. and J. C. Neal, 1987. Arkansas birds their distribution
and abundance. Univ. Arkansas Press, Fayetteville, in press). Therefore, itbecame necessary to determine whether the skeletal remains were those
of the expected Carolina Chickadee or of vagrant Black-capped Chickadees. However, separating the two species is difficult when encountered
in the field (except by song), and even when identifying study skins in the hand. Criteria for identifying skeletons had not been established. We
decided to try to identify the skeletal specimens using multivariate statistics.
To establish criteria for identifying skeletal specimens of Parus, the junior author measured 25 variables on 68 specimens of both species
from the collections at the University of Kansas, Museum of Natural History, and Royal Ontario Museum, Department of Ornithology. Only
adult, sexed specimens were measured (21 male and 14 female atricapillus, 19 male and 14 female carolinensis). Given these restrictions, all of
the P. carolinensis that were available were used. The great majority of these were from extreme southeastern Kansas, northwestern Arkansas,
eastern Oklahoma and northeastern Texas, but single specimens also came from each of Delaware, Indiana, Louisiana and Mississippi. The specimens
of P. atricapillus used were from Kansas, many from near the southernmost extreme of the species' range in the eastern Plains. We selected these
specimens primarily because they were available, but also because it is reasonable to assume that a Black-capped Chickadee in Arkansas would
most likely have come from an area just north of the state. Additionally, given the paucity of specimens from Arkansas, Carolina Chickadees
from southeastern Kansas, and eastern Oklahoma and Texas would be most like those in Arkansas. Based on J. D. Black's opinion noted above
the twoKU specimens in question were a priori assumed to be Carolina Chickadees and are included in the totals for that species stated previously.
This decision would have little overall affect on the clustering of specimens if in fact they were Black-capped Chickadees except to mark them
as misclassified by the analysis with respect to species, plus making the overall species separation more difficult.
The 25 variables included measurements of all of the long bones, the sternum, synsacrum, and skull, including five measures of bill size
(Table 1). Fifteen of the variables differed significantly among groups (Table 1), although there was considerable overlap among groups for all
variables. To maximize the separation among groups, we used Discriminant Functions Analysis (DFA) from SPSS Subroutine DISCRIMINANT
(Hulland Nie, 1981. SPSS update 7-9. McGraw-Hill, New York, 402 pp). In DFA itis necessary to use fewer variables than there are individuals

9

—

.

Table 1 Skeletal characters measured arranged according to univariate significance levels among chickadee groups.

Not significant
at a = 0.05

Significant

at P < 0.01

differences
at P < 0.001

Skull length (1)

Skull width

Scapular length

Culmen length (2)

Culman depth (4)

Femur length

Culmen length (3)

Hallux length

Tibiotarsus length

Nasal bone width

Tarsometatarsus

Premaxilla width

Humerus length

Interorbital width

Ulna length

Mandibular length

Carpometacarpus

Gonys length

Sternum length

Mandibular depth (5)

Sternum depth

Coracoid length

Keel length

length

length

Synsacrum width (6)
Synsacrum length
(1) back of skull to hinge at posterior edge of upper bill, not including bill length, (2) from skull, (3) from anterior edge of nostril, (4) widest
place, (5) deepest part, (6) across antitrochanters.
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Table 2. Skeletal characteristics and standardized discriminant function coefficients that maximize the discrimination among 68 male and
female Black-capped and Carolina Chickadees from the Central Plains
and Ozark Plateaus regions.

Skeletal characteristic

0.75

-0.25

0.42

-0.36

-1.02

0.81

Carpometacarpus
irpus length

0.25

0.46

Keel lengthi

0.15

0.68

Synsacrum

0.47

-0.40

:h
Femur length
Humerus

length
igth

Ulna lengthI

FIRST DISCRIMINANTFUNCTION

the first two discriminant functions
Figure. Ordination
of 68 skeletal specimens of Black-capped and Carolina Chickadees.
(Darkened symbols represent Black-capped Chickadees, open ones
Carolina Chickadees. Squares are male birds, circles, females. Arrows
indicate the specimens in question.)
with respect to

Discriminant function
Second
First
Secon

width
ridth

in the smallest group. Because we had only 14 female Black-capped and Carolina Chickadees, it was necessary to a priori reduce the number of
variables used to 13. Only the 15 variables that showed univariate significance were considered (Table 1), and from these culmen depth and scapula
length were omitted (the former because it is difficult to measure accurately, the latter because of great variation within groups). The 13 variables
were used in a step-wise DFA, using the criterion of maximizing the Mahalonobis distance among the 4 groups (males and females of both Blackcapped and Carolina Chickadees). The infrequent missing values were estimated using the mean values for the appropriate group (e.g., Carolina
female). The whole analysis was repeated using 75 chickadees by adding specimens from a wider geographical range. The results of the two analyses
were essentially similar to those described below, which are based on the one using the 68 specimens.
The step-wise DFA identified 6 variables that maximized the separation among the 4 groups of chickadees. These variables, and their standardized discriminant functions coefficients are listed in Table 2. As can be seen from the Figure, the two species are separated along the first discriminant function axis (DF-1), accounting for 82.4% of the variance among the four groups.
Ulna length is the variable that contributes most to the separation between species with femur length and synsacrum width being of secondary
and tertiary importance (Table 2). In total, Black-capped Chickadees, which have relatively large positive values on DF-1, have a combination
of a relatively short ulna, long femur and humerus, and wide synsacrum. The measures of wing length, other than ulna length, interestingly are
positively correlated to DF-1. The second DF (accounting for an additional 17.4% of the variation among the groups) separates male and female
Black-capped Chickadees but not the sexes of Carolina Chickadees (Figure). Ulna length, again, is the most important variable on the axis, with
male atricapillus having longer ulnae and keels, but relatively narrower synsacra and shorter humerae than females (Table 2).
In evaluating the precision of the discriminat function analysis, 82% of the specimens (56 out of 68) were correctly categorized as to group
affinity. Eleven of the misidentifications were with regard to sex within species, and only one specimen was grouped with the wrong species. This
)> tnat is clustered with the Carolina Chickadees in the Figure.
was the female Black-capped Chickadee from Phillips Co., Kansas (KU 61722
The analysis identified it as a female Carolina Chickadee. Thus 99% of the specimens were correctly positioned with respect to species.
The two specimens in the Kansas collection that were suspect as to identification were both identified by the analysis as being Carolina Chickadees
(marked by the two arrows in the Figure). As is shown in the Figure, the male specimen clearly is a Carolina Chickadee whereas the female specimen
is close to the misclassified Black-capped Chickadee. Infact this female bird was identified with a rather high probability of being a Carolina Chickadee.
Ithad a 69% probability of being a female Carolina (which it is), and 26% probability of being a male Carolina, which leaves only a 5% probability
of being a Black-capped Chickadee.
In summary, Black-capped and Carolina Chickadees are readily identified from skeletal material and two suspect skeletal specimens labeled
Black-capped Chickadees from Arkansas were indeed Carolina Chickadees. Thus, there are still no records of the Black-capped Chickadee in Arkansas.
(In completing this study, Rising's contribution was supported by the Natural Sciences and Engineering Research Council of Canada. Jim
Dick of the Royal Ontario Museum, and Marion Mengel and Steven Johnson, of the University of Kansas Museum of Natural History, were very
helpful in making specimens available. Thanks are due Janet Mannone for managing the data. J. D. Black was especially helpful for his comments.)
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DEMONSTRATION OF A HEAT-STABLE CYCLIC GMP PHOSPHODIESTERASE
INTHE MEDIUMOF PHYSARUM FLA VICOMUM

Although the role of cyclic AMPin cellular regulation has been well characterized during the last two decades, the function of cyclic guanosine
monophosphate (cyclic GMP) remains vague. Cyclic GMP phosphodiesterase is the enzyme responsible for degrading cyclic GMP to 5 'GMP and
thus is of major importance in maintaining cellular levels of cyclic GMP. We have identified an extracellular cyclic GMP phosphodiesterase in
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Table 1. Effect of Heat on Cyclic GMP Phosphodiesterase

nMole/min/ml
Unheated
Heated
Starting

Medium

30-80% Pellet

Activity.

Activity
% Remaining

146

86

60%

160

134

84%

Samples of starting medium (sm) and ammonium sulfate 30-80% pellet
were assayed for cGMP phosphodiesterase activity without heating
(unheated) and after a 5 min exposure to a boiling water bath (heated).
The sm is an average of four experiments and the 30-80% pellet is an
average of three experiments.

2. Effect of Various Compounds

Table

on Cyclic

GMP

Phosphodiesterase

Activity.

Addi
ti
ve

Concentration

ijMole/min/ml

Control

0

162

100%

MIX

7 MM

50

31%

Theophylline

10 MM

63

39%

Caffeine

10 MM

94

58%

Chlorpromazine

500 pM

207

128%

Chlorpromazine

1 MM

207

128%

10 pG

253

156%

225

139%

Compound

48/80

Compound

48/80

100

jjg

%

Activity

Figure 1. Samples of starting medium (SM) and 30-80% ammonium
sulfate pellets were assayed for cyclic GMP phosphodiesterase activity
after being heated in a boiling water bath for the times indicated on
the abscissa.

Dialysed samples of the ammonium sulfate 30-80% pellet were assayed
in the presence of the above indicated
methylxanthine.

reagents.

MIX is 3-isobutyl-l-

Table 3. Effect of pH on cGMP Phosphodiesterase
Starting

pH

nMole/m in/ml

Medium
% Activity

Activity.

30-80%

nFjole/m in/ml

pellet

%

Activity

1

2<4

11%

56

71

5

7

bl

57

XZ

6

125

%Z

659

79%

7

22!;

100%

830

100%

8

93

<m

167

20%

Cyclic GMP phosphodiesterase was determined at the pH values indicated. A citrate buffer was used for pH 4 and 5, Pipes buffer for
pH 6 and 7, and Tris for pH 8.0.

ASSAY TIME (min)

Figure 2. Cyclic GMP phosphodiesterase activity in heated and unheated
samples was measured by paper chromatography. The 30-80% ammonium sulfate pellet for heat treatment was placed in a boiling water

bath for 10 min and then returned to 30 °C. Reaction mixtures of 300
fi\ each were prepared for heat-treated and non-heat treated samples.
Duplicate 0.025 ml samples were withdrawn at the indicated times and
added to
' tubes containing 0.005 ml of 2 M HC1 to stop the reaction.
Cold 5 GMP (0.005 ml of 20 mM solution) was added and aliquots
were spotted on Whatman filter paper. Descending
paper
'
chromatography was done overnight and the 3H-5 GMP spots cut out
and counted.

the medium from the plasmodium of the myxomycete Physarum flavicomum. This cyclic GMP phosphodiesterase appears to be very similar to
the previously reported extracellular cyclic AMP phosphodiesterase in that both are extremely heat stable proteins (Lynch and Farrell, 1985).
Plasmodia ofP. flavicomum were grown as previously described by Lynch and Farrell (1984). After reaching stationary phase (about 7 days)
the microplasmodia were separated from the medium by centrifugation. The medium was either used immediately or stored frozen at -20°C.
Cyclic GMP phosphodiesterase activity was determined by an anion exchange resin procedure using JH-cyclic GMP as the substrate (Lynch and
Cheung, 1975). Allvalues were corrected for binding of 3H-guanosine to the AGI-X2 resin. Cyclic GMP phosphodiesterase activity was also determined by descending paper chromatography using a solvent system of 1M ammonium acetate and 95% ethanol (15/35, v/v). Spots corresponding
to ( 3H)-5 'GMP were visualized under ultraviolet light, cut out and the radioactivity determined.
Extracellular cyclic GMP phosphodiesterase activity was determined in crude medium and also in partially purified fractions. The enzyme
was purified from spent medium by ammonium sulfate fractionation. Medium (100 ml) was adjusted to 30% ammonium sulfate, centrifuged at
48,000 xg for 30 min and the pellet discarded. The supernatant fraction was raised to 80% ammonium sulfate and centrifuged at 48,000 xg for
30 min. This 30-80% pellet was collected and resuspended in a small volume of20 mM Tris HC1, pH 7.6 and dialyzed overnight against the same buffer.
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The activity of phosphodiesterase in the starting medium and in a partially purified ammonium sulfate pellet is shown in Table 1.The same
table also shows that this enzyme is heat stable, retaining up to 84% of the unheated activity after exposure to a boiling water bath for 5 min.
Extracellular cyclic AMP phosphodiesterase from the same organism was previously shown to also be heat stable (Lynch and Farrell, 1985). Table
1 shows heat resistance at 5 min but gives no indication of how long the enzyme can withstand exposure to 100°C. Figure 1 shows cyclic GMP
phosphodiesterase activity remaining after heating for up to twenty minutes in a boiling water bath. Both the starting medium and the ammonium
sulfate pellet retained almost full phosphodiesterase activity even after twenty minutes of exposure to heat.
The effect of various compounds on partially purified cyclic GMP phosphodiesterase activity is shown in Table 2. MIX, theophylline and
caffeine are all competitive inhibitors of phosphodiesterase. All three compounds inhibited enzyme activity with MIXbeing the most potent. Chlorpromazine (a phenothiazine) and Compound 48/80 (a condensation product of N-methyl-p-methoxy-phenethylamine with formaldehyde) are thought
to inhibit calmodulin dependent phosphodiesterase by binding to calmodulin (Levin and Weiss, 1976; Gietzen et al., 1983). Both of these compounds stimulated plasmodial cyclic GMP phosphodiesterase. The mode of action of these two compounds on this enzyme is unknown.
Table 3 shows cyclic GMP phosphodiesterase activity at various pH values, a pH of 7.0 showed maximum enzyme activity with markedly
reduced activity at pH 4.0 and 5.0. This is similar to cyclic AMP phosphodiesterase from the same organism in that the optimum pH for enzyme
activity does not coincide with the optimum pH for growth. Uninoculated growth medium had a pH of 4.3 and after inoculation and growth,
the pH of the medium rose to between 5 and 6. Under the growth conditions, cyclic GMP phosphodiesterase should be relatively inactive during
the early stages of growth (the first few days after inoculation). Then, as the pH increases and approaches 5.0, the enzyme should become increasingly active.
All the previous enzyme assays were done using the resin assay which measures 3H-guanosine as the end product. To insure the validity of
our heat stability data, an alternate procedure for measuring phosphodiesterase activity was utilized. This procedure involved separating the product of phosphodiesterase ( 3H-5 '-GMP) by paper chromatography. Figure 2 shows a continuous assay of cyclic GMP phosphodiesterase for both
heated and unheated samples as measured by paper chromatography. As can be seen, the heated sample retained enzymatic activity and product
accumulation was linear with time.
As mentioned previously, extracellular cyclic AMP phosphodiesterase from the same organism is also heat stable. Work is presently underway in our laboratory to determine ifthe cyclic AMP enzyme is a di tintt protein from the cyclic GMP phosphodiesterase reported here and whether
the two enzymes are indeed one and the same protein.
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NOTES ON THREE PALUSTRINE NATURAL COMMUNITY TYPES INTHE ARKANSAS OZARKS
Within the last five years three distinct palustrine (sensu Cowardin et al., 1979) community types not previously described in the literature
as occurring in Arkansas have been recognized by the authors. The two fen community types have been reported previously in the Ozark Plateaus
ofsoutheastern Missouri (Orzell, 1983). Each of the recognized community types occur within the Ozark Natural Division (Pell, 1983) and is largely
restricted to that part of the state. This paper represents an attempt to describe and classify these little-known natural communities.
The basis for our classification is the repeated occurrence on the landscape of particular combinations of vegetation structure and physiognomy,

soil moisture regime, soil reaction, geologic substrate, topographic position, and species composition. Species composition, though obviously important, is not an overriding concern; in fact, examples of a given "natural community type" may vary considerably in this respect. A natural
community classification emphasizes consistent ecological differences, not those due to the vagaries of dispersal or disturbance history. In many
cases, more traditionally defined "plant community types" may be recognized within each natural community type.
The natural community descriptions presented here include information on distribution, topography, soils, community size and structure,
natural processes, status and threats, and dominant and characteristic plant species. Dominant plants are species consistently occurring as major
vegetation components (relative cover > 25 percent, based on visual estimates) of the type, though they need not dominant every example of that
type. Characteristic plants are those typical or representative species that provide a reliable indicator of a given type. Dominant and characteristic
species are not necessarily restricted to the types but, when considered together with other natural features, are diagnostic. Characteristic species
were identified by constructing synthesis tables from species checklists compiled during field surveys (Mueller-Dombois and Ellenberg 1974). Four-
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teen streamside seep-fens, one sedge-shrub fen (only known example in Arkansas), and ten upland hydric forests served as the study sites. Specific
locations and voucher specimen data for these sites are available from the Arkansas Natural Heritage Commission. Plant nomenclature follows
Kartesz and Kartesz (1980).

STREAMSIDE SEEP-FENS
Topography, Hydrology, and Soils

Streamside seep-fens are located along second and third order Ozark streams, usually within deeply dissected, relatively small drainage basins.
These streams have a permanent flow of clear, cold, minerotrophic water, sustained by diffuse seepage or discrete seep-springs. They are usually
medium- to high-gradient streams of shallow depth, with a bedrock floor of Ordovician dolomite. Potholes, shallow pools alternating with shallow
runs, rock terraces with small cascading waterfalls, and small sand-gravel alluvial deposits are common features.
Seep-fens are generally along the upper reaches of these streams, either on adjacent sideslopes, along narrow streamside corridors, or on
exposed bedrock in the stream bed. Soil moisture is dependent upon seasonal fluctuations; in dry weather free surface water may be absent but
soil remains damp, with pockets of permanent seepage. Shallow organic muck or mineral soil or a mixture of muck, sand, and cherty residuum
derived from weathered dolomitic parent material forms the substrate. Bedrock strata primarily Powell, Cotter, or Jefferson City dolomite (Lower
Ordovician), but sometimes St. Peter Sandstone (Middle Ordovician) are occasionally exposed.

—

—

Natural Processes
The rooting zone is occasionally to constantly saturated by cold, minerotrophic groundwater. Chemical and physical weathering of the bedrock
produces a calcareous substrate. The microclimate is strongly moderated by cold water springs, late spring frosts, and early autumn frosts. Fluctuations in stream discharge periodically scour the streamside, creating areas almost "permanently" in a pioneer stage of succession.
Community Structure

Microassociations of fen calcicoles occur along narrow streamside corridors or on exposed bedrock in the streambed. The prevailing cover
consists of sedges or mixed graminoids. The sedges are usually less than 30 cm tall and often form tussocks. Grasses and heliophytic forbs are
medium to tall in height and often are most conspicuous in autumnal aspect. Shrubs may be present as well.
Dominant Plants
Gravelly seepage areas Fuirena simplex Vahl, Parnassia grandifolia DC, Rudbeckia fulgida Ait. var. umbrosa (C.L. Boynt. & Beadle)
Cronq., Senecio aureus L., and Calamintha arkansana (Nutt.) Shinners. Seep springs - Justicia americana (L.) Vahl, Nasturtium officinale R. Br.,
and Carex torta Boott.
Characteristic Plants
Carex hystricina Muhl. ex Willd., C. lurida Wahlenb., Equisetum hyemale L., Oxypolis rigidior(L.) Raf., Scirpus americanus Pers., S. lineatus
Michx., S. atrovirens Willd., Selaginella apoda (L.) Fern., Cornus amomum P. Mill. ssp. obliqua (Raf.) J.S. Wilson, Helenium autumnale L.,
Lobelia siphilitica L., Lysimachia quadriflora Sims, and sometimes Rhynchospora capillacea Torr.
Itappears that streamside seep-fens provide migrational routes for fen calcicoles in the Ozark region and refugia for extraneous taxa having
north-central, northeastern, and southeastern geographic affinities. Plant taxa generally found in the Arkansas Ozarks only in streamside seep-fens
include R. capillacea (Marion, Baxter, Stone, and Sharp counties), Scleria verticillata Muhl. ex Willd. (Sharp Co. and, historically, Benton Co.),
Mimulus ringens L. (Baxter, Fulton, and Sharp counties), Solidago riddellii Frank (Sharp Co.), Plantago cordata Lam. (Baxter and Randolph
counties), Spiranthes lucida (H.H.Eat.) Ames (Baxter, Stone, Marion, and Izard counties), and Pycnanthemum virginianum (L.) Durand &Jackson
(Sharp and Fulton counties). IfSalixsericea Marsh. (Fulton Co., historically) is relocated in the state, it probably willbe associated with seep-fens.
Distribution and Size
Streamside seep-fens are found principally in the Salem Plateau subdivision and less frequently in the Springfield Plateau subdivision of the
Ozark National Division. Seep-fens presently are known to occur in Marion, Baxter, Fulton, Izard, Sharp, Stone, and Randolph counties. They
are to be expected in surrounding counties, especially Independence, Lawrence, and Searcy. Seep-fens are well developed along second- or thirdorder streams in the North Sylamore Creek watershed (Stone Co.) and the Spring River watershed (Fulton and Randolph counties). Seep-fens in
the Salem Plateau of adjacent southeastern Missouri were recently described by Orzell (1983). Individual streamside seep-fens are generally small
in extent, ranging from 0.1 ha to 2.0 ha in size, but may occur intermittently along several miles of stream.
Status and Threats
The type is uncommon, and undisturbed high-quality examples are becoming increasingly rare. Threats include clear-cutting, siltation, water
pollution, grazing, and reservoir construction. Some seep-fens in the Sylamore District of the Ozark National Forest are fairly well protected as
part of a special interest area but these may eventually become subject to recreational pressures.
SEDGE-SHRUB FEN
Topography, Hydrology, and Soils

Sedge-shrub fens are located on toeslopes near upper to middle reaches of gaining streams of moderately to deeply dissected valleys. The
groundwater arises from a shallow, unconsolidated aquifer in the weathered porous residuum of the surrounding uplands and is minerotrophic
and circumneutral. Soils are saturated, bog-like, and produce a quaking sensation when traversed by foot. Poor internal drainage may result in
shallow pooling of water. Depth of the saturated muck or mucky peat may exceed 2 m. Underlying material is gravelly alluvium and colluvium.
Natural Processes
The soil is constantly saturated by minerotrophic water. Fens are rarely inundated and would be destroyed by prolonged flooding. In presettlement time fires retarded invasion by woody plants; windthrow and anaerobic soil conditions continue to afford this community some resistance
to woody invasion.
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Community

Structure
Sedge-shrub fens consist of a sedge mat with rushes, cattails, and forbs intermixed, mats of dense "brown mosses," and patches ofmedium
to tall shrubs. The sedges are short to medium in height and either caespitose or tussock-forming. Shrubs, mostly Salix spp., form thickets or
are scattered throughout. Species diversity in undisturbed sedge-shrub fens is relatively high.
Dominant Plants (based on one known example in Arkansas)
Rhynchospora capillacea, Carex stricta Lam. var strictior (Dewey) Carey, Rudbeckia fulgida var. umbrosa, Typha latifolia L., Boehmeria
cylindrica (L.) Sw., Impatiens capensis Meerb., and Salix spp. (the last three occur primarily in thickets). Other plants found at this site, but not
dominant in the community, include Oxypolis rigidior, Senecio aureus, Lobelia siphilitica, Lysimachia quadrifolia, Carex hystricina, C. lurida,
Scirpus atrovirens, S. lineatus, Castilleja coccinea (L.) Streng., and Helenium autumnale.
Status and Threats
High quality, undisturbed fens are extremely rare. Threats include grazing pressure, ditching, clearing for cultivation, road-, pond-, and reservoirconstruction, excessive well drilling, pumping, dewatering of shallow aquifers, and damage by off-road vehicles. The single Arkansas example is
protected, insofar as possible, by the U.S. Army Corps of Engineers (Little Rock District).
UPLAND HYDRIC FORESTS
Topography, hydrology, and soils
Upland hydric forests occur in shallow depressions isolated on broad saddles or benches at elevations of 335 to 580 m (ca. 1100-1900 ft).
They are underlain by the basal sandstone member of the Atoka Formation (Pennsylvanian). Soils are deep, poorly drained, slowly permeable,
and nearly level. They usually form in silty or clayey deposits and are underlain by a fragipan. The source of water for these communities is precipitation,
which pools generally 0.3 to 0.9 m during the winter for several months. Water levels are considerably lower during the summer, except after periods
of heavy rainfall, and the depressions often lack standing water during the summer.

Natural Processes
The degree of wetness is variable, largely dependent on precipitation and evapo-transpiration.
Community Structure

»

Upland hydric forests in the Boston Mountains have a semi-open canopy ofmedium height (19-27 m) and generally lack an understory. Vines
ten form a tangled thicket near the edge of the saturated soil zone, especially ifheavily disturbed historically by timber practices. Ground cover
sometimes consists of vines, bryophytes, and mixed sedges or spikerushes, but is generally species-poor.

Dominant Plants

Quercus lyrata

Walt,

and/or Quercus palustris Muenchh. in the

overstory

Characteristic Plants
Liquidambar styraciflua L., Nyssa sylvatica Marsh., Acer rubrum L.,Fraxinus pennsylvanica Marsh., and species ofSphagnum and Polytrichum
moss. Other plants found in association include Cephalanthus occidentalis L., Lyonia ligustrina (L.) DC, Eteocharis obtusa (Willd.) Schultes,
Cyperus strigosus L., Carex lurida Wahlenb., Bidens aristosa (Michx.) Britt., and Helenium autumnale L.

Distribution and Size

community type is known from Johnson, Pope, Madison, and Newton counties and has been reported from Searcy, Van Buren, and
counties, all in the Boston Mountain subdivision of the Ozark Natural Division. Ithas also been reported from Magazine Mountain
3gan County) in the Arkansas Valley Natural Division. Representative stands are 0.4 ha to 1.8 has in size. Similar upland communities dominated
Quercus phellos L. have been observed in the Arkansas Valley (Cleburne Co.)., the Boston Mountains (Searcy and Van Buren counties), and
iOuachita Mountains (Saline and Perry counties). Because additional research is needed to document the species composition, hydrologic relans, and distribution of these upland willow oak forests, they are not discussed further in this paper.

tThis
;burne

¦

Status and Threats
Unaltered examples are rare. Threats include timber cutting, artificial drainage, and damming to create year-round wildlife ponds. Two qualioccurrences of this type in Pope County are protected as part of the recently-designated East Fork Wilderness Area.
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SOUTHERN WOODFERN, DRYOPTERIS X AUSTRALIS, NEW TO ARKANSAS
The southern woodfern, Dryopteris X australis (Wherry) Small, is the sterile, triploid backcross hybrid between the fertile, allotetraploid
D. celsa (Palmer) Small with the fertile, diploid D. ludoviciana (Kunze) Small (Carlson and Wagner. Contr. Univ. Michigan Herb. 15:141-162,
1982). Since its discovery in 1927, the hybrid was found at only seven localities on the Coastal Plain of Southeastern North America: North Carolina
(two), South Carolina (one), Alabama (two), and Louisiana (two) (Wagner and Musselman. Castanea 47:182-190, 1982). The hybrid was located
in Arkansas by Orzell on 26 July, 1984, at a wooded acid seep adjacent to Meyers Creek in Garland Co. (T3S R22W S16). The population consisted
of a nearly pure stand ofD. X australis. A few plants of one parent species (D. celsa) were present at the periphery. As the other parent was not
evident, this was another example of "hybridization by remote control" noted by Wagner (Amer. Fern J. 33:71-73, 1943).
The population was revisited on 20 September and 27 October. Specimens from the first two visits {Orzell1429, UARK) were identified by
one of us (Peck) and W. Carl Taylor, Milwaukee Public Museum; specimens from the last site visit (Peck 84680, LRU) were verified by Warren
H. Wagner, University of Michigan, Ann Arbor, MI.This is an important discovery in that this is the first report of D. X australis from Arkansas
and only the eighth population known of this hybrid. Itoccurs 200 km to the northwest of one of its parents (D. ludoviciana at Warren Prairie,
Bradley, Co., AR) and 500 km northwest of the nearest hybrid populations (Baton Rouge, LA). The Arkansas population is the westernmost and
northwesternmost locality of the hybrid; this is also the third and currently the only extant population known west of the Mississippi River. From
initial observations, we would expect to find other localities in the Ouachita Mountains, where populations of D. celsa have been reported (Taylor.
Arkansas ferns and fern allies. Milwaukee Public Museum, 1984) or in the southeastern portion of the state, where D. ludoviciana was recently
located at Warren Prairie, Bradley, Co., AR.
Funding for this research was provided, in part, by a faculty research grant from the Office of Research and Sponsored Programs and the
College of Science, Office Research, Science and Technology, University of Arkansas at Little Rock.
STEVE L. ORZELL, Arkansas Natural Heritage Commission, Little Rock, AR 72201, and JAMESH. PECK, Department ofBiology, University
at Little Rock, Little Rock, AR.

of Arkansas

LOUISIANALOG FERN (DRYOPTERIS LUDOVICIANA) NEW TO ARKANSAS
Dryopteris ludoviciana (Kunze) Small (Polypodiophyta: Aspleniaceae), a fertile diploid fern of the Southeastern United States, has a relatively restricted distribution, frequenting low or wet hammocks, cypress swamps or rocky woods in the Coastal Plain, mainly in Florida, extending
northward to North Carolina (Carlson and Wagner. Contr. Univ. Mich. Herb. 15:141-162, 1982) and westward with four populations in Alabama,
three in Louisiana (Thieret. Ferns and fern allies of Louisiana, 1980), and two in Texas (Correll and Correll. Aquatic and wetland plants of Southwestern
United States, 1972). D. ludoviciana exhibits frond dimorphism caused by abrupt differences between constricted, terminal spore-bearing pinnae
and the fullyexpanded sterile pinnae below them. D. ludoviciana was first discovered in Arkansas by Eric Sundell and D. Mclntyre on 18 September,
1982, at Warren Prairie Natural Area (Bradley Co.: T13S R9W S13), 20 km west of Monticello, AR (Sundell & Mclntyre 2864, UAM). Over 100
plants were growing in a lowland Quercus phellos L. woods along with another fern, Lorinseria areolata (L.) Presl. The identity of the specimen
was noted in annotation by J. Peck in October, 1984. Additional specimens (Peck &Peck 84641, LRU) were verified by Warren H. Wagner, University
of Michigan (Ann Arbor, MI).
This discovery of Dryopteris ludoviciana new to Arkansas also represents an important range extension for the species. Only three other
populations (Hardin Co. and Tyler Co., Texas and St. Mary Parish, Louisiana) are known to occur west of the Mississippi River; the latter, which
is the closest population to Warren Prairie, is located 350 km to the south of the Arkansas locality (Thomas, Wagner &Messier. Castanea 38:269-274,
1973). The occurrence of this most northwestern station of D. ludoviciana at Warren Prairie, 123 ha of which were recently purchased for preservation by the Arkansas Natural Heritage Commission, further attests to the importance of the area to Arkansas' natural heritage.
This research was sponsored, in part, by a faculty research grant from Office of Research and Sponsored Programs and the College of Science,
Office of Research, Science and Technology, at University of Arkansas at Little Rock.

JAMES H. PECK, Department ofBiology, University of Arkansas at LittleRock, Little Rock, AR 72204; ERIC SUNDELL, Department ofNatural
Sciences, University of Arkansas Monticello, AR 71655; and CAROL J. PECK, Arkansas State Plant Board, Little Rock, AR 72203.

OBSERVATIONS AND NEW RECORDS OF FERNS NATURALIZINGIN ARKANSAS
Three alien fern species have become naturalized in Arkansas: Lygodium japonicum (Thunb.) Sw., Pteris multifida Poir. ex Lam., and Thelypteris
torresiana (Gaud.) Alston (Taylor and Demaree, 1979; Taylor, 1984). Their presence here represents the consequences ofeither natural colonization
from a distant naturalized population or escape from local cultivation. Careful observation, collection, and documentation of plant occurrence
and distribution data are required to determine which fern plants are truly native and which are recently adventive, escaped, or naturalized (Wagner,
1972). Attention must, therefore, be given to what species are being cultivated. Native Arkansas ferns, alien species, and ferns native to the southeastern
United States and recently found in Arkansas (e.g., Thelypteris kunthii [Desv.] Morton), are cultivated throughout Arkansas as horticultural/landscape material. Populations that escaped from cultivation willbe difficult to distinguish from populations derived from natural range expansions
into or across Arkansas.
Lygodium japonicum (Schizeaceae), native to«astern Asia, became established in Florida in the 1920's (Small, 1938) and spread northward
to North Carolina and eastward to Texas. It was first collected in Arkansas by C. M. Meyer on 14 October, 1981, in Ashley Co. (Meyer s. n.,
LRU). Since then it has been collected at a second Ashley Co. locality (Shepherd s. n., LRU), and at Union Co. (Thomas s. n., LRU). These
populations became established relatively far from known sites of cultivation, and are considered to be naturalized populations. However, in 1983
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Shepherd observed a juvenile plant of L. japonicum outside his Little Rock residence that obviously developed from spores released by a plant
located in a neighboring yard, attesting to the potential for this species to escape from cultivation, even when growing as far north as Little Rock.
L. japonicum is of particular horticultural interest (Foster, 1964), as the entire above-ground portion, a vine up to 30 feet long in Arkansas,
is a single, indeterminate leaf, making this species notable in that it has the longest leaves of any plant in Arkansas. Consequently, L. japonicum
is widely cultivated in southern Arkansas. The apparently natural populations of this fern may be the consequence of reproduction by other naturalized
populations or by locally cultivated plants. On the other hand, cultivated plants may have been obtained from apparently natural populations at
the edge of town or from a neighbor's horticulturally supplied plants. After sufficient time has passed, the lineage of this fern in Arkansas will
be difficult to resolve.
Pteris multifida (Pteridaceae), an apogamous species native to Asia, is now established in eastern North America from Florida northward
to North Carolina and westward to Texas. This species is also a favorite of horticulturalists (Hoshizaki, 1975; Foster, 1964). It occurs in Arkansas
only at Hot Springs National Park (Garland Co.), where it was first discovered by Chandler (1941). Earlier fern surveys of the park (Scully, 1939)
did not report this species, on the tufa rock behind the bath houses (Taylor, 1981). The fern is also rapidly colonizing newly exposed tufa surfaces
associated with recent development at the park. This species is quite capable of becoming established at other rocky habitats across Arkansas.
Its absence elsewhere in Arkansas, and its relatively recent presence behind the bath houses, where it could have escaped from potted plants, suggests that it represents a locally escaped population, rather than a naturalized population derived from long-distance spore dispersal.
This explanation contrasts with that for Adiantum capillus-veneris L. (Adiantaceae), a native North American species that occurs in the Ozark
region of Arkansas (Taylor, 1984; Taylor and Demaree, 1979). It too is commonly cultivated (Hoshizaki, 1975; Foster, 1964) and occurs behind
the bath houses at Hot Springs National Park. Its presence at Hot Springs was noticed very early (Lesquereux, 1860; Harvey, 1881). The existence
of early reports suggests that it is native to the park. Without data provided from historical floristic records, the park population of this species
might best be considered a local escape from cultivation.
Thelypteris torresiana (Thelypteridaceae), native to eastern Asia, was introduced into Florida in 1904, and has spread northward to North
Carolina and westward to Texas (Leonard, 1972) and was recently reported from Venezuela (Steyermark and Ortega, 1980). It was first reported
in Arkansas from Ashley Co. (Taylor and Johnson, 1979). They emphasized lumbering activities as a factor that opened the habitat, allowing
this fern to become established in southern Arkansas. Since then, a second population, growing under a bridge, was discovered in Ashley Co.
(Peck 84899, LRU) and a third population, constituting a significant range extension, was discovered some 80 km to the north in mature bottomland hardwood forest at Moro Bottoms, Cleveland Co. (Peacock s. n., LRU). At this last site, the fern was growing in partial shade on exposed,
elevated earth covering the upturned roots of a fallen tree (tip-up). These new stations suggest that the species can occupy a variety of shaded
habitats, including naturally disturbed microsites within relatively intact, mature forest. Its spread to other sites in Arkansas, therefore, is not limited
to areas with lumbering activities.
Thelypteris kunthii (Thelypteridaceae), a species native to the southeastern United States, was first documented in Arkansas from apparently
natural populations in Ashley Co. (Taylor and Johnson, 1979). This handsome fern is also cultivated in landscaping beds across southern Arkansas
and as far north as Lee and Pulaski counties. This species is commonly cultivated in Union Co. where it is also sold under different but synonymous
names, T. augescens and T. normalis (C. Amason, pers. comm. 1984). Cultivation of this species is likely to favor the establishment of new populations by spores, and these may be located some distance from their sources. Itis unlikely that botanists will be able to discern any differences between populations derived from spores of natural populations, such as those in Louisiana, and populations which came from cultivated plants
in Arkansas.
Efforts are presently underway to document the cultivated fern flora of Arkansas. The senior author welcomes receipt of cultivated fern
specimens from Arkansas foridentification or deposition. This research was sponsored in part by a faculty research grant from the Office of Research
and Sponsored Programs and the College of Science, Office of Research, Science and Technology, at University of Arkansas at Little Rock.
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DYTISCIDAE FROM RANDOLPH COUNTY, ARKANSAS
The purpose of this paper is to present a list of the species and subspecies of Dytiscidae known to occur in Randolph County, Arkansas.
This is the first such compilation for an Arkansas county, though other papers have reported the occurrence of various dytiscid species in Arkansas
(Young, 1953; Anderson, 1971; Hilsenhoff, 1975, 1980; Matta and Wolfe, 1979, 1981; Harp and Harp, 1980; Roughley and Pengelly, 1981; Farris
and Harp, 1982; Huggins and Harp, 1983). Randolph County was chosen because it encompasses parts ofboth the Ozark Plateau and the Mississippi Alluvial Plain. It was anticipated that this diversity would increase the number of dytiscid species available for collection.
Some information was taken from examination of specimens in the Arkansas State University Museum of Zoology (ASUMZ) Aquatic
Macroinvertebrate Collection. However, most specimens were collected for this study with a Turtox Indestructible™ dip net, the typical procedure
being to pass the net over the bottom of lentic waters, usually in the littoral zone, making several sweeps in rapid succession. A few specimens
were collected by picking through gravel along the margins of streams and retrieving the beetles with forceps. One specimen was collected under
the lights in a parking lot at night. An effort was made to sample every available habitat, in every season.
Collections were made at the following numbered stations on the designated dates:
17. Woodland pond (S36, T19N, R2W)
3-XI-84
1. Brown Lake (SW/4 S20, T18N, R1E)
4-IX-84
2. Eleven Point River @ St Hwy 93
18. Temporary pool in woods (NE!4 S34, T19N, R2W) 3-XI-84
(NE!4 SI, T20N, R2W)
8-IX-84
19. Creek fed by spring @ Ravenden Spgs
(SE'/i S6, T19N, R2W)
3. Lake @ Old Davidsonville St Pk (S35, T18N, R1W) 8-IX-84
3-X1-84
3-XI-84
4. Baltz Lake (SEV4 S22, T19N, R1E)
9-IX-84
20. Same as No. 1
21. Temporary pool beside St Hwy 261
5. Small Creek (SW/4 S20, T20N, R1E)
ll-IX-84
(NW/4 S15, T20N, R1E)
6. Pond 1 mi N Pocahontas (NE'/4 S16, T19N, R1E)
ll-IX-84
4-XI-84
4-XI-84
7. Flooded rice field (NE'/4 S24, T19N, R1E)
ll-IX-84
22. Permanent spring (NEV4 S7, T20N, RIE)
4-XI-84
8. Cypress Lateral @ St Hwy 90
23. Stock pond (SW/4 S26, T20N, R1W)
12-111-85
(NE'/4 S13, T18N, R1E)
ll-IX-84
24. Woodland pond (SW/4 S26, T20N, R1E)
9. Big Creek @ St Hwy 328 (NW/4 S4, T20N, R2E)
20-IX-84
25. Temporary pool in grassy field
(SW/4 S26, T20N, R1E)
10. Temporary pool in dirt road (boundary S5-8,
12-111-85
T20N, R3E)
20-IX-84
26. Temporary pool in woods (SE'/i S20, T18N, R1E) 12-111-85
11. Janes Creek @ St Hwy 90 (SW/4 S7, T19N, R2W) 23-IX-84
27. Pool left by receding Janes Creek
(SW/4 S7, T19N, R2W)
12. Janes Creek (SW/4 S19, T20N, R2W)
23-IX-84
15-111-85
23-IX-84
28. Black River (SW/4 S35, T18N, R1W)
13. Stock pond (NW/4 S28, T21N, R2W)
15-111-85
14. Diles Creek @ St Hwy 93 (SE'/4 S21, T21N, R2W) 23-IX-84
29. Fourche River 4 mi E Pocahontas @ U.S. Hwy 67 17-IX-76
4-IV-80
15. Oxbow lake beside Black River
30. Randolph County - exact location unknown
16-IV-80
31. Randolph County exact location unknown
(NW/4 S4, T18N, R2E)
23-IX-84
16. Wal-Mart parking lot, under lights
32. Eleven Point River S St Hwy 93
(SW/4 S28, T19N, R1E)
(SE'/4 SI, T20N, R2W)
26-IX-84
7-III-81
Thirty-two species and subspecies are known to occur in Randolph County (Table). This report extends the range of Hydroporus ouachitus
from the Ouachita Mountains (Matta and Wolfe, 1981) northeast into the Ozark Plateau. The range of Coptotomus lenticus is extended somewhat
to the southwest of that reported by Hilsenhoff (1980). Michael and Matta (1977) reported the range ofIlybius oblitus to be from Massachusetts
to South Carolina. Our Randolph County specimens extend the range considerably westward.
Dytiscidae were most often taken from shallow waters with emergent vegetation, and were characteristically absent from swift waters. This
agrees with the observations of Pennak (1978). Laccophilus fasciatus rufus and Laccophilus proximus proximus followed this general trend, being
commonly collected in all types of lentic habitats. These observations agree with those of Michael and Matta (1977). However, other species exhibited discernible habitat preferences. Members of the Heterosternuta group of Hydroporus (H. ouachitus, H. pulcher, and H. wickhami) were
invariably collected along the margins ofclear streams and were frequently found at the air-water interface among gravel. Matta and Wolfe (1981)
described this same preference of habitat for these species. Coptotomus venustus was almost always taken from lakes, ponds and large pools in
streams, and was especially numerous in swampy oxbow lakes. Thermonectus basillaris was often taken from temporary pools, a point also made
by Michael and Matta (1977). The only specimen of Agabus semivittatus was collected from a spring. This is significant, for many ASUMZ specimens
of this species, from other parts of the state, confirm a preference for the spring habitat. This differs from the small streams and sloughs reported
as characteristic habitat by Michael and Matta (1977).
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Table. Dytiscidae known to occur in Randolph County, Arkansas. State
records are designated by an asterisk.
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NEW AND INTERESTING PLANTS FOR THE ARKANSAS FLORA
Several plants have been collected that have not been reported previously as occurring in the state or have been cited from a single location
by Smith (1978). Plants known only from western or central Arkansas are now cited from the eastern part of the state.
The plants are listed alphabetically by families and genera. Fernald (1950), Radford et al (1968) and Steyermark (1963) have been used for
plant identification. Nomenclature follows Kartesz and Kartesz (1980) and Smith (1978). The majority of the plants have been collected by the
author and are on file in the Arkansas State University Herbarium (STAR) or have been collected by others and are cited accordingly.
MONOCOTYLEDONEAE (Monocotyledons)
Cyperaceae (Sedge Family)

Carex albolutescens Schwein.
Craighead Co., west Jonesboro in wet area near rice mill. E. L. Richards, 7510; May 24, 1979. T14N, R3E, S12. Reported by Smith (1978) for
Jefferson County and has been collected also in Clay and Garland counties (Gary Tucker, personal communication).
Monroe Co., wet woods and flooded area. E. L. Richards, 6156; June 30, 1973. T2N, R3W, S27
Liliaceae (Lily Family)
Veratrum woodii Robbins
Fulton Co., east Mammouth Springs on steep hillside. E. L. Richards, 8250; June 30, 1984. T21N, R5W, S8. Reported in Smith (1978) for
Logan and Polk counties.
Poaceae (Grass Family)
Tridens eragrostoides (Vasey & Scribn.) Nash
Phillips Co., edge of water below Storm Creek Lake. E. L. Richards, 4350; August 17, 1965. T1S, R5E, S20. Lemmas 2 mm long and lateral
nerves not excurrent. Closest species is Tridens flavus (L.) Hitchcock. This plant is cited here as new to the state.
CMoris virgata Sw.
Craighead Co., edge of Jonesboro High School track complex. E. L. Richards, 5877; September 17, 1971. T14N, R4E, S19. This plant was
reported by Smith (1970) for Arkansas County.
Phillips Co., edge of water below Storm Creek Lake. E. L. Richards, 4349; August 17, 1965. T1S, R5E, S20.
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DICOTYLEDONEAE (Dicotyledons)
Caryophyllaceae (Pink Family)
Cerastium semidecandrum L.
Craighead Co., in sandy soil near base of Shelton's Bluff. E. L. Richards, 7196; April 5, 1978. T13N, R3E, S3. Petals shallowly notched
and petal veins not branched. Closest species is Cerastium pumilum W. Curtis. This plant is cited here as new to the state.
Independence Co., on cedar glade (disturbed) on east side of James Mountain. E. L. Richards, 7202A; March 15, 1978. TUN, R7W, S10.
Dianthus deltoides L.
Clay Co., railroad dump in Piggott. D. M. Hughes, 26; June 19, 1965. T20N, R8E, S10. Flowers pedicellate. Closest species is Dianthus
armeria L. This plant is cited here as new to the state.
Lychnis coronaria (L.) Desr.

Cross Co., edge of woods and in roadside ditch. E. L. Richards, 8202; August 26, 1984. T8N, R4E, S18. Plant
species is Lychnis alba Mill.This plant is cited here as new to the state.

parts tomentose.

Closest related

Plantaginaceae (Plantain Family)
Plant ago cordata Lam.
Randolph Co., Janes Creek north of Ravenden Springs. D. L. Hawkins, 177; June 26, 1973. T20N, R3W, S13. Flowering stems hollow, roots
thick and fleshy. First collection for the state.
Baxter Co., Vi mile SE of Norfork Dam in small creekbed. E. L. Richards, 7340A; May 27, 1978. T18N, R12W, SI1.
LITERATURE CITED
FERNALD, J. L. 1950. Gray's manual of botany. 8th edition. American
Book Co., New York, NY. 1632 p.

SMITH, E. B. 1970. Additions to the Arkansas flora. Proc. Ark.
Acad. Sci. 24:37-39.

KARTESZ, J. T., and R. KARTESZ. 1980. A synonymized checklist
of the vascular flora of the United States, Canada and Greenland.
Vol. II.The biota of North America. The Univ. of N. Carolina
Press, Chapel Hill, NC. 1183 p.

SMITH, E. B. 1978. An atlas and annotated list of the vascular plants
of Arkansas. Univ. of Ark. Bookstore, Fayetteville, AR. 592 p.
STEYERMARK, J. A. 1963. Flora of Missouri. Iowa State Univ.
press, Ames, IO. 1728 p.

RADFORD, A. E., H. E. AHLES, and C. R. BELL. 1968. Manual of
the vacular flora of the Carolinas. Univ. of N. Carolina Press,
Chapel Hill, NC. 498 p.
EDWARD L. RICHARDS, Department ofBiological Science, Arkansas State University, State University, AR 72467.

PESTICIDE USE INTHE 1983 SOYBEAN CROP:
REPORT OF A SURVEY OF ARKANSAS PRODUCERS
The iise of pesticides in agricultural crops has increased significantly in the past decade. Use of these chemicals is considered essential by
agricultural producers to maintain a high level of crop production and quality. Farmers and non-farmers are concerned about the impact these
products may have on the environment.
Inresponse to the need for information to address both viewpoints, the U.S. Department of Agriculture established the National Agricultural
Pesticide Impact Assessment Program (NAPIAP) in 1976. One of the primary objectives ofNAPIAP is to conduct pesticide use surveys on economically
important commodities in the state in order to promote informed decisions on pesticides that significantly benefit humans without causing unreasonable
adverse effects on the environment.
Soybeans were selected as the first major commodity in which to survey pesticide use in Arkansas since they are grown on more land than
any other crop (Crop and Livestock Reporting Service, 1984). The primary objective of the survey was to determine which pesticides were used
in soybeans and how they were applied. Data on soybean production practices that affect the use of pesticides were also collected including irrigation, soil types, and crop rotation. This report focuses on pesticide use in soybeans. Results of the entire survey willbe available in an Extension
publication at a later date.
This survey, with only minor changes, was conducted following the methods described by Dillman (1978) and Christenson (1975). Names
of five hundred soybean producers were randomly selected (Leedy, 1980) from County Extension mailing lists. The number of producers selected
from each county was in direct proportion to the county's soybean acreage in 1983 (Crop and Livestock Reporting Service, 1984). The number
of producers surveyed exceeded the sample size recommended by Krijcie and Morgan (1970). "
The 12-page questionnaires contained 37 questions and were printed in a small page (814 x 6") format (Dillman, 1978). They were mailed
to producers on July 9, 1984, from the appropriate county Extension office. A postcard reminder was mailed to those producers who had not
responded within the first week. When necessary, additional reminders (each containing a questionnaire) were sent after two and seven weeks had elapsed.
Questionnaires were returned to the state Extension office in business reply envelopes included with each mailout. Summaries of the data
were made by State Extension Office personnel. A copy of the questionnaire is available from the author.
Producers returned 436 of the 500 questionnaires mailed out for an 87 percent return rate. Of the 436 returned, 399 completed all or part
of the questionnaire. The remainder either had not planted soybeans in 1983 or chose not to answer the questionnaire. Those producers responding
grew soybeans on 308,894 acres in 1983 which represents 8.1 percent of the soybeans planted that year (Crop and Livestock Reporting Service, 1984).
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Table 1 Pesticide use in soybeans by
Acres of Soybeans
Treated at Least
Once For:

Acres

Table 3. Pesticidef use in soybeans between seedling emergence and
harvest

pest
Percent of Total
Acres Surveyed

Treated

Percent
Pesticide

284,803

92.2

Diseases

48,179

15.6

(Basagran*)

Insects

31,405

10.2

Acifluorfen

Weeds

Acres
Treated (A)

Application
(% of A)

9.7

8.2

91,545

29.6

10.2

7.2

41,952

13.6

5.9

3.1

16,214
Naptalam
(Dyanap,* Ancrack,"
Klean-Krop*)

5.3

52.1

6.0

14,208

4.6

20.2

6.3

14.704

4.3

75.9

1.9

2,4-DB
(Butyrac,*

Other (growth

regulators,
harvest aids)

Commerical

56.5

(Blazer*)

5,735

Aerial

Application
(% of A)

174,713

Bentazon

Nematodes

of
Acres
Surveyed

Total

Butoxone*)

2.4

7,443

Dinoseb

+

Dinoseb

(Dinitro,*
Premerge*)

Benomyl
(Benlate*)

Table 2. Pesticidef use in soybeans prior to seedling emergence

Linuron
(Lorox*)

9,320

3.0

Sethoxydim
(Poast*)

6,672

2.2

Glyphosate

5,515

1.8

4,500

Treated (A)'

Surveyed

(7. of

A)

(7. of

A)

(% of A)

8.6

63.7

1.0

1.5

2.2

2.2

Thiophanatemethyl

4,000

1.3

100.0

100.0

3,468

1.1

100.0

96.0

(Topsin-M*)

Dlnitroanlllnes
Trifluralln
(Treflan*)

118,549

38.4

100.0

2.0

14.5

Methyl

Pendlmethalin
(Prowl*)

35,162

11.4

95.1

3.4

19.2

TBenomyl and Thiophanate-methyl are fungicides, Methyl Parathion
insecticide, and the remainder are herbicides.

Fluchloralln
(Basalin*)

Parathion

49,233

15.9

100.0

0.0

1.0

Alachlor
(Lasso*)

25,449

8.2

33.1

14.0

18.7

Metolachlor
(Dual*)

23,704

7.6

75.1

4.9

26.9

29.1

51.3

3,610

1.8

0.0

tAll pesticides
*Trade Name

Weed

an

4,171

1.4

In this table are herbicides.

0.0

1.8

10.9

1.8

41.2

0.0

10.0

Percent

Disease

Percent

Insect

Percent

71i
1

Nematodes

31.6

Corn Earworm

27.6

60.9

Root Rot

9.5

Armyworm

26.3

Pigweed Sp.

23.1

Pod and Stem
Blight

6.5

Worms

19.0

Prickly Sida

22.6

Anthracnose

5.8

Looper

7.3

Johnsongrass

17.8

Brown

3.8

Stinkbug

6.3

Cocklebur

Morningglory Sp

89,851
Metribuzin
(Sencor, • Lexone*)

Glyphosate
(Roundup*)

is

*Trade Name

Table 4. Most damaging soybean pests*

Acetamides

Dinoseb
(Dinitro,*
Premerge")

1.9

(Roundup*)

Paraquat
Pesticide

¦'.

—

.

Spot

*Expressed as a percent of those producers responding to the question.

Herbicides represented, by far, the most used pesticides in soybeans and were applied at least once to 92.2 percent of the acreage surveyed.
Use of pesticides in the remaining categories was considerably less (Table 1).
Pesticides used by producers in 1983 before the soybeans emerged from the soil were predominantly herbicides (Table 2). The dinitroaniline
herbicides were used on 66 percent of the acreage and the acetamide herbicides on 16 percent. Both of these herbicide types are applied primarily
for annual grass control. Trifluralin was the most-commonly used grass herbicide and was applied to more than one-third of the acreage surveyed.
Metribuzin, a triazine herbicide, had the second highest use rate prior to soybean emergence. It was either applied alone or in a tank-mix
combination with one of the dinitroaniline or acetamide herbicides.
Other herbicides used on any significant acreage at the pre-emergent stage included glyphosate and dinoseb. The remainder of the pesticides
was used on less than five percent of the total soybean acreage surveyed and none were applied to more than one percent of the treated cropland.
The only insecticides or nematicides used were carbofuran (Furadan) and aldicarb (Temik), respectively. Their combined usage was on 4,032 acres
or 1.3 percent of the total surveyed.
Almost all of the dinitroaniline herbicides used were soil incorporated (with a disc, cultivator, or other implement) while only half of the
acetamides or metribuzin were used this way. The remainder was applied at planting.
Aerial application of pesticides had limited use at the pre-emergent stage. Commercial applicators (air and ground) were utilized by producers
to apply less than 15 percent of all pesticides used up to this point in soybean production.
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Fungicides were used to treat soybean seed at planting time on 65.6 percent of the acres surveyed. The treatments were either liquid or dust
formulations and were applied prior to bagging the seed or in the planter hopperbox. Captan was used on 30.1% of the acres surveyed followed
by carboxin (22.1%), pentachloronitrobenzene (PCNB) (9.8%), terrazole (9.3%), and thiram (7.9%). Several seed treatments available contain
more than one fungicide as an active ingredient and, therefore, the above data are not additive.
The greatest use of pesticides in 1983 crop occurred between soybean emergence and harvest. This is not surprising since weeds, diseases
and insects that reduce soybean yields have their greatest impact at this time.
Once again, herbicides were used over a much larger acreage than either fungicides or insecticides (Table 3). Bentazon and acifluorfen were
the most commonly used herbicides followed distantly by 2,4-DB. These products are applied to control the major broadleaf-weed pests in soybeans, primarily cocklebur and various morningglory species.
Fungicides were used on only about 6 percent of the acreage and insecticides on even less (1.9 percent). The extremely hot and dry weather
experienced in the 1983 crop season was certainly a factor in the use of fungicides since moisture levels for development of these pathogens in
the soil and the soybean canopy were greatly reduced in most fields. Further, insects do not normally have a large impact on soybean yields statewide
and, therefore, low insecticide use was to be expected.
The majority of the herbicides was applied by the producers themselves with ground equipment rather than by airplane. Consequently, use
of commercial applicators was infrequent.
Since we were also concerned about the major pest problems the producers had in 1983, we asked, "What do you consider to be the most
damaging pest in your soybeans?" Table 4 presents the producers' top five responses in the categories of weeds, diseases, and insects. The responses
correspond well with the pesticides used in 1983 for control of those pests.
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